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DIBROMIDES OF THE TYl'E OF ICIIIYLENE D1 BROMIDE, inX'. *2301 

3 2 grama of Uimethyleiie glycol were obtained, representing a 
yield of 80 per cent, of the theoretical. 

VropyUuf OVyro/ 

0 1 Gram of sodium was dissolved in 26 c.e. of absolut-e alcohol, 

and the solution heated on a steam-bath with 80 grams of 

propylene glycol diacetate for twelve hours. On distillation, the 
product (6 0 grams) consisted largely of unchanged diacetato, boib 
i!ig at 183 — 186^. As tlie boiling point of propylene glycol is only 
j- higher than this, it is possible that the product contaiuetl a 
little of the glycol. It was, however, a mobile liquid, and com- 
jiletcly miacible with ether. Propylene glycol is very viscous, and 

insoluble In ether. 

ay-Butylt fit (jhjcol Diiicttuit. 

01 Gram of sodium was dissolved in 25 c.c. of absolute alcohol, 

;tnJ the solution boiled on a steam-bath with 8'7 grams of 

ay -butylene glycol diacetate for eiglit hours. On distillation, a 

product (5 grams) was obtained, boiling at 198°, which was in- 
soluble in water and completely soluble in etlier. It was con- 
cluded to be the unchanged diacetate. An experiment on a larger 
scale, using one molecular proportion of BO<lium etlioxido, gave 
dO per cent, of the theoretical amount of ay-butyleno glycol. 

^-Butylene Glycol Diactiait. 

U'l Gram of sotlrnm was dissolved in 25 c.c. of absolute alcohol, 
and the solution boilerl with 8’7 grams of <//-butylene glycol 

diacetate for eiglit hours. The product consisted of unchanged 
diacetate, boiling at 188 — 190°, It was soluble in ether and in- 
soluble in water. 

The general method of preparing glycols mentioned on p. 2296 
was carried out as follows. 115 Grams of Eodiuni were dissolved 
in 25 c.c. of absolute alcohol containing about 1 per cent, of 
water, the ester was added, and the mixture was heated for about 
an hour on a steam-bath in a rellux apparatus. The supernatant 
liquid was evaporated, and the residue was boiled for about fifteen 
minutes with 2’3 c.c. of water, and then saturated with carbon 
dioxide to remove any excess of alkali, Tlie mass was then dis- 
tillecl, and the distillate fractionated. The yield varied from 60 
D* S5 per cent, of the theoretical. 

Ethylene glycol diacetato gave 85 per cent. 

Propylene „ ,, 7fl „ 

Trimethyiene „ ,, 53 „ 

a-y-Butylene ,, „ 60 „ 

7 L 


VoL CV. 



2:n)i FCBSE-SS, UARUMAS, AND SEWBERT : 

On cUmfymg tb* diaeetAtM invMtigaUd, it will b# Been that 
(i,« t»U iatn two .iUtinct claBM. according to their bchayiour 
»ith akoboHc Wo-iiuru cthoiide: (1) tho» which are hydrolysed 
t,v tbi. n.ea“». ethylene glycol diaceUte, triraethyleno 

.iucetale, and a-, butylene glycol diacetote; and (2) those 
er'iuii are not hvdrolvsed, namely, ^-butylene glycol diacetaU an<i 
l,to,,vbne glyccf diacetate. It will be noticed that claaa 2 (except 
the firati have tlieir acetoxyl groups attached to adjacent carbon 
atnnui, whilst claM 1 have them attached to carbon atoms which 
srff aot afjjaceot. 


[ii coritiuiK/n, tKe autlior deeire® to acknowledge bis indebted 
to the Kesearch Fund Committee of the Chemical Society for 
4 t'rant which has partly covered the expenses of this research, 
and al-w to thank Frof. A. Lapworth and Mr. E, Hope for their 
sifivkft and entouragement. 

ilwftLItT ivKi'i'M'.' » fwAii'iliA TOHtK/i, 

ThK IkPKKsHV, MxNcHKalKlt. 


fd’XJIl.- l‘Ji’dr>nn()tiVi: ih Alcohol, Part IV. 

iA)mhi)intiom of (hr Hydrogen cuid Ccdonicl 
pled rode. 'i. 

By UrsOiKaivD FuRstss, Robert: Tat lor Harduam, and 
EouAii Newbehy. 

Tiff: itivcatigations described in the earlier papers of this series 
(T-i VJW, 99, M17, 191’J, 101, 2249) have been conlinuel 

in the hope that it inigiit ultimately prove possible to compan- 
by f^ltN'ffonietric methods the thermodynamic potentials of highly 
diinte hydrogen chloride in water and alcohol respectively. Pro- 
gress lit this ihrecttim was only possible after further examination 
of (/i) Lite behaviour of the caloine) electrode in alcoholic solu- 
tions of mineral citlorides; (i) the influence of metallic chlorides 
on the potential of the hydrogen electrode in alcohol; and (c) the 
potential differences Ifctween electrodes reversible to chloridion 
and hydrion respectively in alcoholic solution. At Professor 
Lapwortii's suggestion, the authors have therefore undertaken 
the present lovestigation, measured the potential differences in 
question, submitted tlie results to a careful theoretical analysis, 
and tljiis defined certain lines along which definite progress mav 
be hoped for. 
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ExPSB IMENTAL. 

[Rscinald Furkess and Robert Tavloh Hardman.] 

The alcohol used in the following experimeuU was dried aa. 
icfcribed in Part I Qoc, ciC, p. 1420), and furtlier purified from 
all trace# of ammonia by rediatillation after it had been rendered 
faintly acid to methyl-orange by addition of a highly dilute solu- 
tion of hydrogen chloride in anhydrous alcohol every precaution 
being taken to prevent access of moisture during this and all 
subs^uent processes. 

All measurement# were made with a very carefully calibrated 
potentiometer, made by the Land and Seekabelwerke, in counexioii 
with a very sensitive galvanometer, by Gambrell Bros., as null 
instrument. 

The calomel cells were similar to those figured in Part I, but 
were provided with a wide side^tube, which greatly increased tlm 
iiaiisitivenosa of the combinations, and this side- tube was con- 
nected with that of the hydrogen electrode-cell by means of rubber 
tubing. In these experiments the danger of intermixing of the 
cell-liquids was practically non-existent, an advantage wliioh 
ubviat^ many of the manipulative diflicuUies previously met with 
when employing combinations of two hy<lrogeu electrodes. 

The hydrogen electrode cells were the same as tliose employed 
by Wilsmore and figured on p. 239 of Jjehfeldts' “ Kleclro- 
chemistry ” (Text Books of Physical Chemistry, 1904, Longmans, 
Green and Co.). They were wholFy constructs! of glass, however, 
and thin platinum foil was used as electrode throughout. 

The whole combination of liydrogeu with calomel electrode, 
with the exception of the junction of the side-tubes and a small 
upper portion of each cell, was immersed in tlie water of a 
liiermostat kept at 25 ±0 02°. 

In all cases where sensibly constant electromotive forces were 
not observed, or where constancy was not attained within fifteen 
minutes from the time of setting up the combination, tlie liydrogen 
♦•lectrode cell was refilled, refitted witli newly platini,4<id electrodes, 
and readings were begun ah initio. 

Where measurements were made witli saturabc<l solutions of 
s^xiium chloride, complete saturation of the alcohol with the salt 
was ensured by adding a large excess of the powdered anhydrous 
salt in the electrode cell itself; it was found that in these circum- 
stances the potential difference of a pair of calomel electrode.^ 
reached a steady value in about two hours after setting up, and 
remained constant for an indefinite period. 

The standard of comparison was a Weston «ell of the most 

, 7 L 2 



j haki/mas, am> nkwbeky; 

t^tut tv|^, »uppU«?’i l»y Cambridge Scientific Inetrument 
i’otni>Auy 

Haul it. 

hi I'/H'fwitig aiiiJituarieA of results, Ihe SM.F. quoted for 
•M./i I the tueiin of six readings taken at intervaU 

tursng two to titrt**' hour^, the first having taken about fifteen 
fiiSiiUUrst after the (.omh-ination iiad been set up. In no case did 
the r 4 *s«rfvt?<i HJ/.F vary by more than one millivolt for any 

KfigU i;<;inhinatioo. 

Tim irrowa r^: present the directions of the currents within the 
< ell {u): 

HgTlgXh.Mluratcd XaClj i [0 01iV-HCl],Hsj. 


Mtun A'.J/./V for difTereiil combinations in millivolts: 253 .'i, 

■y.r.i «h 7, 

M-'Un K.M-K. Ilf pt r fyirnhlit(ih(tU^-~0'2D'6i VOlt, 
tVli (hr. 

IIg,Mg,C!,.:!critiir;tte4 N;iCIJ | [UUhV-HCl; saturated NaCl],H.,. 

M»'an K.M.F. for difTorent combinations in millivolts: 247 o 
2 HO, 2htu, 219 0, 248-0, 

Mrtiu K.M.F. of snni rumhinatwus —0'2iB2 volt. 

(Vli (r): 

Hg.Hgd'I,;(n)I.V lit.'lj lO oLV-IIClj saturated NaClJ.H,. 

AlfMft A., I/,/', for difTeroiit coinbinaiious in millivolts- ‘^48 7 
21 '' U. -JH'b, 248 0 . 

Mfiin K.M.K. (if four (•tnnbinati(}tis — 0‘2iS3 volt. 
tVll (</): 

Hg.lig 4 'h,UMurated NaCl] j [0-002iV.HCl],H2. 


M^an A... I/. A. for (lifTer(Mit combinations in millivolts: 28^6 

..■N> 4 . 2 Sl-it. 28 i)-n, 280 - 0 , 278 -I), 281 * 0 . ' ’ 

n/j,vjY 4 =. 0-2804 volt. 

fVll (Vf; 


lk-.ll-,l'U[,.a„rato,l NaClj; [OOOi.V-HCl ; .aU.rated NaC]],Il, 

in millivolts: 279 l>, 
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Utan E.M.F. of five fowftfmih'oii* — 0 2795 volt. 

Cell (/): 

He,HgyClj,[0’002.V'HCl ; saturated NaCl] | [0'002*V-HC1; saturate^i 
NaClj^H.. 

' ■ 

Meau SM.F. for tUffereiit combinations in millivolts: 2B4'0, 
j84‘0, 283-7, 282-6. 

iltctn E-M.F. of four couihifuitiotis — ro/t, 

Several measurements were also carried out in which UUiium 
chloride instead of sodium chloride was used. 

Lithium chloride was employed by ITanlinan and Lap worth for 
the purpose of minimising liquid contactrpotential differences in 
their experiments with the hydrogen electrode (Parts IT and IIT» 
/.(C ct7.), and the authors have therefore examined the following 
combinations in order to exclude the possible suggest inn that this 
salt may have any unforeseen and important inllnence on the 
potential of the liydrogen electrode in alcoholic solutions of 
iivdrogen chloride. 

The general remarks already made as to the methods and 
apparatus used in the experiments with sodium chloride also apply 
to the cases below. 

Cell (g): 

Hg,Hg2CyO-LV.LiCl] I [0-002.V-HC1; O OlA^-LiCij^H- 
•<— 

EJf.F, for different combinations in millivolts: 260, 259, 260. 

Mean E.M.F, for three comhinotious volt. 

Cell (A) : 

Hg,Hg2Cl2,[l-0iV-LiCl] I [0 002.V-1IC1; l OiY-LiCl],!^ 

E.M.F. of different combinations in millivolts: 249, 246, 247. 

Mean E.M.F.. o/ three eomhiuotions volt. 

Cel! (A) : 

Hg,Hg2Cl2,[0*01iY-LiCl] I [0-002WIC1; O’Ol Y-LiCl],Il2. 

E.M.F. of different combinations in millivolts: 282, 283, 284. 

Mea7i E.M.F. of three co m A? »a/tons “0-283 volt. 

Cell (/) : 

Hg,Hg2Cy0'002A^-HCl; O'OlAT-LiCl] ! [0 002.V-HC'I ; 

001iV.LiCl],Ho. 



^ ‘ H A B r>M A S, AND XKWBERT ; 

of different combinatioiiB in milHvolU: 259 4^ 259'8. 
KM.F. of tito eombiMiion*:==Q-25% volt. 

H may addH that the influence of snail quantities of 
mowture in the hydrogen electrcxie compartment of some of the 
fTf/mhinatiorui was examined- The potential differences in- 
rf teased in a Oiark^d extent in accordance with the result* already 
fird Lv Hardman and Upworth in working with combina 
two hydrogen eU-ctrodes. 

frudytu of thr fort(jo%n(f dtirrmiiuitiont of ehciromotivt foreet 
[Edgar Kewbery.] 

TiiO measure menu will be required for the calculation of 

the diir^-ff-n^ es in iim tlierniwlynamic potentials of dilute solutions 
1.1 hydrogf'Ei rid*. ride in alcohol and water rwpectivelj, utilising 
- *'rt 4 in nov^d data, which will be given in future communications. 

Having regard, however, to the uncertainty which still attache^ 
to {tit-axuremfriU of j>otential differences in alcoholic solutions, ii 
At!! ho ncccssarv. m tim first instance, to ascertain whether thesr 
<dii.rv:ittoii.i can Ijo regarded as trustworthy from the point of 
View of agricrcumL among themselves, SO far as can be judged bv 
I ho apfdtcation of the standard methods of calculation to sucli 

In thn following calculations it has been assumed that thf* 
relative rnofiilities of the ions, with the exception of the hydrogei! 
ion. arc the same as in water (compare LapworUi and Partington, 
T., rjlt, 99, ll‘Jf>), and that the transport number of tlif 
cidoridton in aboholic hydrogen chloride is 0*30. The po8sibl.> 
'•rror ari-ning out of inaccuracy iji tlio latter assumption affects the 
f*'?tuhH of tlie<Ho c'aloulatic.n8 to an e.xtent wliich is well within 
the otlu-r exjirri mental errors at present attached t.o such deter 
luinations in alcoholic solution. 

The relative mobilities assumed throughout are thus: Cl, 62; 
N'a. tor,; 11, U5. 

The tiifferenoes between the electromotive forces of any two of 
tl»e combinntums described by Furness and Hardman have been 
calculaU'd as in the following exaiuple' 

Thfnrfticdl D^fjfrrnee m Elf.ctromotivt foTCt hiiwten the Ccih 
(a) and (b). 

The difference, in the absolute potential of the mercury in cell 
I ombinati,>n (u) and that, in (^) is given by Nernst's well-known 
formula 
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wbATO CJ ft&d are the conceatrationa of the chloridiou iu tl)« 
calomd electrodes of (a) and (6) respectively, /?, T, and F having 
their usual aigaificaace. 

CcUcidation of has been calculated with the aid of; 

^l) the equations given by Nenist ("Theoretical Chemistry/! 
English Translation, 1904, p. 527) for the change in solubility of 
3 binary electrolyte caused by the addition of auotlier electrolyte 
having a common ion, and (2) au application of Arrhenius’ Uieory 
of isohydric solutions. 

The equations given by Nernsb are : 


mo(l — a<j) = m(l — a) (a) 

(ffio oj* "=* ma{tna + r) (^) 


where m, and o* are respectively the solubility and degree of 
ionisation of the electrolyte at saturation in the pure solvent, 
rn and a the corresponding terms in the mixed solution, and j* the 
. oiiceutration of the new ion appearing on addition of the secouil 
electrolyte. 

In order to evaluate x, m, and n, it is necessary to apply the 
theory of isohydric solutions, and, in tlie first instance, on tlie 
assumption that the presence of the second electrolyte does not 
affect the solubility of the first; a rough value for x is thus 
obtained, which may be substituted in the equations a and when 
first approximations to m and a are obtained. The law of 
isohydric solutions is then applied once more, and a new value for 
r obtained, the process being repeated until the value of j- is 
unaltered by such repetition. The process is very lengthy, involves 
repeated references to the conductivity curves for sodium ami 
liydrogeu chlorides in alcohol (Vbllmer, Ann. Chnn., 1«94, 

62, 382, and Lapworih and Partington, T., 1911, 99, IU7), 
and cannot be given in detail hero. 

In the present instance, for the calomel electrode of the com- 
bination (i), tno=0'0094,* aa = 0‘62; the calculations outlined 
above give a; = 0’0069, 7n-0‘0069, and a = 0’50. 

From these results, Cj' (the concentration of the chloridiou in 
the calomel cell (6) ) = ma + j:--0'01035. Similar calculations were 
performed with reference to the mixed solutions in cells (e) and 
(/), and a table showing all the data obtained for both of the 
mixed solutions used is given below ; 


Concentration of : 

Cells (6) 
and 

Oiihi (t ) 
and ( /). 

Sodium chloride 

00069 

00087 

Hydrogen chloride 

001 

0-002 

Sodium ions 

0-00346 

O-OO.'JO.'i 

Hydrogen ions 

0-0069 

0-00146 

Chlorine ions 

0-01035 

000651 

* AU quantities are given in gram-molecules pvr 

litre, 
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rVHSm^, HABliMAV, AND XEWBEBY : 


ffi/uiidary p^/Unti^tU in 
a^U with Uie aid 
tihui am *traigh 

Th<’ m#ulu are aa foHows: 


the cells were next calculated, using the 
of Henderson’s equation. The calcuU 
tforward, and examples are unnec^sary. 


on 

OOIVO 00U7 


oo 


(M 

O-OUT 


(^0 (/.) 

0 0063 0-0 volt 


«v.ry the teiuHlary poU-ntial acts in the same directioi, 

r>, the "f til® «!'• . , ... 

Ti... 111 fibwilute tlwln. motive force between varmn. 

«.|i» 1.1 ea.-,ilv calciilateii liv means of the Nernst foriiml,. 
ih.a iv .juoteil, ami, knowing the Hifleretice in boundary potential, 
loUl iioteiiLial .lifr.rimce is obtained, and may be comparcl 
Aiih th»' t‘vp.-rihi*-ntal nsnlt"- obtained by Furness and Hardnian 
Ti.ii i;.Lt b-M! flon.^ m tiH- lolbr.viiig table: 


Difforent-e t>f Diflerence of 


L‘#iU houndi^ 

('Ofttpttrwl. pot^ntiftb jy)tentiaJ. 

1 arid ('i -fOOOllvoU 0'0043 volt. 

:/ -i - 0-0147 0 0147 

(.i ’ 1 , 4.Dij027 , 0-0084 .. 

f,-i '* 1/1 0 0O2H 0-0063 ,, 

(1 ^ 00382 ,, 0-0043 

’ I'i -b 0-0398 .. -0'0084 ,, 

(.-t ’ fj +00517 -0-0 


Total 

calculated 

potential 

difference. 

~ 0-003 volt 
-0-029 .. 
-0-006 „ 
-0-009 ,, 
+0034 ,, 
+ 0-031 ,, 
+0‘062 


Measured 
potential 
uifleraice. 
-0-006 volt. 
- 0-000 ,, 
- 0-001 
+ 0-004 „ 

+ 0-027 „ 

+ 0*032 ,, 

+ 0-036 „ 


'I'ho olw-rv'-d potenhiil difTererue between a and A is in fairly 
agreement with the calculated difFcrencc, also that 
(M and (r). 

The values fnr (//) and (z') sliow a less satisfactory agreement, 
and lten\ possibly, some experimental error is responsible. If the 
i{i<M, 5 ur*'(l AM/ 7'. of (f/) is increased by about 0*006 volt, good 
.-igr^erneiit is obtained with the calculated differences, not only 
Iw+wt-en (</) and (b), loit also between (o) and {d). The error 
tht-nd'ort' prill laid V in the nieasureinent of the potential of cell (>/). 

No iiypothesls of e.xpuriitiontal error can account for the great 
iljsi-repani i‘‘s oligerved between calculated and measured potential 
differences when cells (c) :'»nd (/) are employed. These arc 
entirely at variance witli any of the other cell values and with 
each other, the disk'repancies being the greater the stronger the 
acid present in the cell. 

We are therefore forced to the important conclusion that 
calomel electrodes in acid-alcoholic solutions are untrustworthy. 

tn view of the fact tliat the potential of the calomel electrcKle 
in the acid-alcoholic solutions is always too high, and also that this 
increase is greater with the stronger acid, it seems probable that- 
lliese discrepancies liave their origin in irreversible chemical 
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changes which occur when calomel is left in contact witli alcoholic 
hydr(^D chloride, for Lapworth and Partington have drawn 
attention to the fact that blackening of the calomel takes place 
under these conditions (T., 1911, 99 , 1422), although Fumeas and 
Hardman did not observe any such blackening in this case. 

Possibly the weaker acids may not sliow this effect, but as the 
foregoing data render it probable that an error of 13 millivolta is 
l aiised by a J\ / 500-8olution of hydrogen chloride, it would be 
unsafo||D rely on measurements with the calomel electrode even 
111 Uieee without further experimental evidence. We may con- 
. ill dc, therefore: / 

il) That Furness and Harnmans numl>era for the of 

-dls (o), and (c) are nearly correct, but that their number 

{(.r the of cell (i/) is probably too low by about 6 milli- 

volts.* 

(2) That the calomel electrode does not give trustworthy results 
in acid-alcoholic solutions, but belmves satisfactorily in dilute 
dcohoHc solutions of sodium chloride, 

The authors desiro to sUio that in the experiments described 
in the present paper much of the expense was defrayed from a 
•'rant from the Chemical Society received by one of them, and that 
they also had the advantage of using a certain amount of glass 
npparatus which had been purchased out of a grant to Professor 

I. apworth from tho Government Grant Research Fund of the 
Hoyal Society. 

(’itKMlCA.!, LADOU.VTiiJllES, 

rxivRiisiTV i>K Mani iikm i:k, 

riii". lOiMilt, ftliliiiiif'd with /fiOO 11 ydi i-liloritU-, ;l]tllo^l^h 

>lij;fuly )iy miiert.'iiiilic.H attacliiti^ Ui talnilatioiiK lifthnl on Hit* 
of the |;is I.lws to solutions of siroii;' cloctrnlylcs, i.s a \oty iiilcrostin;; 
-t,.- wiicii cunsiilert’d in rmnioxiou with Iho results of llArdniuu nud Lajiworlh 

J. -iit II., !., I91i, 101, --•*>!), u ho tound iliat with iiu-reii.siiif' dilution of hydrogeti 
■ Inuiiilc* in ulooho), up to A/100, tliert appeiiied a growing disi I'ep.iuey between the 
'■'(Sirred lUid calculated eh'of mm olive forces. It is now marly certain that the 
ir,u]?}>(-rt number of liyulrioii in iilooholif. liy<1i’ogeii chloride is not U-i-h than 0'3 and 
it would therefore aj-iiear that tho p-rfoimanco of the hydrogen elecUwh; here 
s .s.Uii.fa«lory orrly when the conductivity of the BoluUoti is suHiciently great and 
that in ah'oholic solutions of hydiogon chloride at A'/lOO to A’/fiOO, t-ho absolute 
j''■t<''.tiaI of the elediode ai-pcits about 3 to 0 ndllivolts too low.— A. LAnvoUTH, 



OF GASEOUS XITBOOEX TRIOXIDE. 


( -( ; X I The Di^iocirUion of Umems Nitrogen Trioxidii. 

Bj Be^kard Mouat J0HB8, 

lit 1907 Trof^^r and Mrs, Baker showed (T., 91, 1862) thai 
iujuid Rttrojjen trioxide which had been carefully dried gave a 
va|Kjur the rieusity of which varied, according to the time of dr}- 
uig of the apparatus and the liquid, from 381 to 62^ The 
ihcorettcal value for pure is 38, and for N 4 O 4 W* Th?} 

pf«*«sures under which the determinations were made were, with 
Iwff exieptions, the atmospheric pressure, and the temperature =1 
varied from 16^ to 60"^. It was concluded that gaseous nitrogei 
trioxide of a mixture of and N^O, molecules, and 

tiiat imall trac<^ of moisture promoted the dissociation of tl;,- 
hiijiM-r polyiiirrido into the simple molecules; it was evidenr 
/tUo the amount of dissociation depended partly, at least, ou 
th»* aiii'Mint of m<Hsluro present. This conclusion was supported 
by th»^ larU that the boiling point of liquid nitrogen trioxide i> 
raid'd from ' to +43°, and the colour of the liquid changes 
from green to blue by prolonged drying over phosphoric oxid*' 
(Haker, T , 191:.’, 101, 2339). 

It is, however, a noteworthy fact that the vapour of nitrogen 
trioxide, even wlten verv dry, is of a reddish-brown colour, in- 
dintinguishable in appearance, indeed, from that of N <,04 dis 

i.iting into NO., and, on heating, the colour becomes darker in 
a way exactly siniilar to the l)ehaviour of nitrogen peroxide. It 
ipfMMfed to Urn prestmt author that this was a matter worth 
tMv»Htigaii(in, and that it was likely that Baker’s gaseous nitrogen 
tn.(u ic w;is md just a mixture of and NPj, but a mixture 
"f NVh; (and posHihly with NOj and NO” 

The simplest supposition appeared to be that the gas was a 
diHsoci,'iting mixture representcnl by the equations 


NA-'NA + 2N0 (1) 

- ■ 2NO2 ( 2 ) 


and that the elfect of proloiige<i diying was to diminish the dis- 
sociation of tlie molecules, the vapour density of the whole 
eventually approximating to that of pure N^Og (which would 
appear to lie colourless, or nearly colourless, in the gaseous state). 

Ihe object of the work now communicated was to test this 
supposition by determining the vapour densities of dried nitrogen 
trioxide at a series of temperatures, pressures, and volumes, whicii 
would provide the necessary data. It may be said here that the 
experimental results do not accord with this supposition, but they 
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iodic^te that a aomewhat more complicated aUte of affairs really 
obtains* and they seem to be of suflScient intexeat to be wortli 
recording. 

Expebiuental. 

The apparatus employed is shown in Fig. 1. The specimen of 
nitrogen trioxide usetl, which had been prepare4l and dried for 
»wo years by Professor Baker, was conUiiied in a thin glass bulb, 
.1, which could be broken when required by raising with a magnet 
.1 glass ISd to wiiich was attached a sealed tube containing a piece 


Fiii. 1. 



of soft iron, B, and allowing it to fall. Tbe apparaUis consist-ed 
of six bulbs, I — VI, varying in size from about 92 c.c. to 185 c.c., 
sealed to each other and to the rest of the apparatus by thick- 
walled, narrow-boro (2—3 mm.) tubes. Tbe tube G contained 
< harcoal, and could bo sealed off at iV ; tbe bulb K could be 
immersed in liquid air when required. Tlie pressure inside the 
;»pparatu8 was determined by means of the glass manometer C, of 
the kind described by Jackson (T., 1911, 99 , 1066), to which was 
^ittached a glass pointer Z>, 33 cm. long, the motions of which 
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eoul.i b, ob*r»«i by m»- of a reading nu^o«o^ with nucr,. 
m«i»r eyopiet*. The gauge waa 

0 5 mm of n.«cary. The outer tube of the gauge wa. attache^ 
U, the r«t of the apparatu, by way of f and f, to a mercury 
manomeur P, and to a Sprengel pump and water-pump by way 
of th# Up* L CommuDicatiOQ with the atmosphere wiij 

obtainable through the Ups R and S. The bulb E conUinoi 
(.hoephoric ojide, and there were constnctiona m the tubing at 


/' and //. , ^ T 

The appiratai having Wn set up, the taps L and M ver, 

opene-l and if.e whole wai^ exhausted by the Sprengel pump. Ai 
the same tmu- it was thoroughly heated all over as strongly .a 
was -afe by a free flame. It was allowed to remain for sever t: 
driyi, and the exhaustion and heating were repeated several tim*'. 

f. o\U rid, as far as possible, of occluded gases. In the meantime, 
the x* 5 ro position of the manometer pointer was determined. T!i. 
iippar.itii^ wa.s then sealed at F, thus separating the outer tub.* 
u!' the gauge from tlie main body of the apparatus, which was tlu-n 
iHoWfd to n-main in order to dry thoroughly. The prelimiuaiv 

of the drying wa.s accomplished by immersing the charcf><il 
bulb, (i, in liquid air for thre« hours, during which time the whol.- 
apparatus wan lieate^l as strongly as was safe, and then sealing o0 
tii« bulb at .V. The whole was then allowed to remain for three 
months to complete the drying by means of the phosphoric oxide 
in the bulb K. jXfter this time the apparatus was sealed at //, 
.lud the part //A'f removed. The portion of the apparatus .1 wa^ 
tlicn mirroundcfl hy a freezing mixture of ice and calcium chloride, 
and the huib of nitrogen Irioxide broken by means of the gla.^> 
rrxl. On removing the freezing mixture, the liquid slowdy 
•'ViipnrattMl, completely filling the apparatus with a reddish-brown 

g. is, and at tlio same time air was allowed to enter the outer tube < i 
the gauee l>y way of S, R, L at a rate sufficient to keep the 
prejetures on eitlier aide of C nearly the same. Throughout the 
wifolo Fta'rics of px{>eritncnts the difference of pressure on the two 
sides of the gitugv ’.vt*s never allowed to exceed 100 mm., in order 
to prevent any possible variation in the zero point of the gauge. 
.\t the end the zero point was again determined, and found not 
to have varied appreciably. 

The main portion of the apparatus was then surrounded by a 
bath, indicated by the dotted line, which could be well stirred by 
bubbling air through it, the temperature of whicli was given by 
two thermometers graduated in fifths of a degree. For tempera- 
tures up to about 60® the bath contained water j for higher 
tern p^^ratu res, up to about 138®, glycerol. The bath was of such 



JOSES: DISiiOCIATlOS OK OASEOrS XITKOOKK TKIOXIOE. 2813 

^ ^ that its temperature could easily be kept constant to about 
) p for periods of about twenty minutes by merely regulating 
[he si« of ^^0 flames. 

Xhe presence of the nitrogen trioxide vapour was tlieu deter- 
luined at a series of temperatures from about 15^ to 138® by' 
irttroduciug into or removing small qiiantities of air from the 
:.mter tube of the gauge until the pointer 8too<l at the zero point. 
Bv arranging that the pressure in the short tube /..V differed only 
ilightly from the pressure between L and the rest of the apparatus, 
tt was possible to do this very readily and with considerable 
accuracy. At least three determinations were made at each 
temperature, and the values, as read on the manometer I\ rarely 
varied by more than 0*5 mm. The height of tlie barometer and 
the temperature of the air were reati at the same time. 

The first series of determinations having been made, tlm bail) 
emptied and removed, and the bulb K gradually immersed in 
liquid air, the outer tube of the gauge being at the same time 
exhausted by the water- pump to keep the pressure on both sides 
of the gauge nearly the same. The nitrogen tri oxide condensed 
(ompletely in the bulb A", no trace of any coloured gas being left 
in the bulbs I — VI. Bulb I was then sealetl off and put aside 
for later determination of its volume. The liquid air was then 
removed and a further series of pressuro-temperatur© measurements 
made with tlie correspondingly diminished volume of apparatus. 
Bulbs II, III, IV, V, VI, were then sealed off in turn, and the 
corresponding series of nieasurejnents made. After bulb IV liad 
been sealed off a small superficial crack developed in the solid 
.^ealed-off end of bulb V. It was therefore thought advisable to 
seal off bulb V at once, lest the crack should spread and cause 
a leak. This was done, and it was found that no appreciable leak 
had occurred, since on putting K in liquid air a j)erfect vacuum 
was produced in the apparatus: moreover, bulb V, after remaining 
lor several weeks, was found also to contain a perfect vacuum. 
The accident, however, made it pos.siblo to get six series of measure- 
ments only instead of seven. The volumes of bulbs I — VI were 
then determined by weighing them vacuous, and then opening 
tinder boiled-out water and weighing them full of wator. The 
vniumes at were found to be: 

Bulb I. 184-7R c.c. Bulb m. 92-17 c.c. Bulb V. 168*63 n.c. 

Bulbil. 109-86 c.c. Bulb IV. 173*47 c.c, Bulb VI. 12005 o.c. 

lii*' volume of the residue of the apparatus was found by opening 
it at // and sealing on a sliort length of tubing provided witli a 
tap and connected with the Sprengel pump. The volumes of the 
rt ided portion of tubing from 7/ to the tap, and of the portion of 
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ll Cttt o8 were determined direcUy by the volume of water 
tenuifed w £!1 them. The nitrogen trioxide waa pumped ou- 
reLit»i!y from the apparatus and replaced by air dried by paaaiL; 
ti, rough a long tu«e of phosphoric oxide. The apparatus wa, 
place.] 10 a bath of water at a known temperature, the tap opene r 
to winalise the preseure inside with that of the atmosphere, th. 
1 , ammeter read and ihc tap closed. aVfter exhausting the tubin; 
PHween the up and the pump, the Up was opened, the air pumpe.i 
nut from liie apjaratins, ami collected and measured over mercurv 


t'lu. 2. 



ifi ll tM!tl)r.LU'<i vt'K^ol. This was done three times, the voluuit? 

rtjrjiK't'd tti -.V l!OT79 c.c., l^Ol'SC c,c., 202*00 e.«. 

iiitt Mii JOl riu cx.}, ;ifU;r allowin|^» for the added and cutoff portioiir 
(it tiui 

Tho hrnkt'fi portions of the ijlass Inilb whicli had contained tli** 
fiitioi'rn trioxirh' were tlnm rollect^d and weighed, and the diffi-r 
rnre this and iliti weight of the full bulb gave the weiglit 

"t tin* mtrogon Iriijxidc lo tie U‘3i!00 gram. 

Th'.' rt'sults of th»* pri'iwuro temperature measurements at different 
voUuues are given ui Table I, and are plotted in “Fig. 2. 



JOSES: DISSOCIATION OF GASEOUS KITROOES TRIOXIDE. '2315 


Table I. 


I (all bulbs on). 

ir (bulb I off). 

III (bulb II off). 

i (eerr.). 

p. 

T (eorr.). 

P. 

'}' (eorr.). 

P. 

14 H5 

106-2 mm. 

16-6" 

122-9 mm. 

16-2 

141-8 inui. 

■.*51’ 

U5-S 

25-6 

134 2 

25-6 

153 5 


125-7 

36-0 

147-8 

36-2 

16S0 

4515 

136-3 

45 4 

159 2 

46-2 

1S4 1 

:ai-6 

145-7 

55-8 

171-4 

56-1 

196-3 

:7-8 

159-5 

78-95 

192 6 

78-15 

218-2 

iKV05 

170-8 





KiO-95 

172-1 

101-05 

207-7 

101-0 

236-5 

116-0 

182-0 

116-0 

217-2 

120-75 

252 (i 

137-7 

191-4 

138 6 

229-8 

136-35 

261-7 

IV (bulb III off). 

> 

> 

and V off). 

VI (all bullw off). 

/ (corf.). 

P. 

T (corr.). 

P. 

7' (corr.). 

P. 

15- 2^ 

148-3 mm. 

17-3^ 

307-2 nuii. 

17-8 

470-8 mrn, 

1*1 1-3 

155-1 

22-6 

318 2 

27-0 

506-9 

2 

161-5 

24 9 

326 4 

34-8 

542-2 

:;5 3 

177-6 

34-7 

355-8 

35-H 

547 4 

43 S 

192 1 

45-1 

388-9 

44-95 

594-9 

.15 3 

200-7 

54 45 

418-1 

56- 1 

646- 1 

74 2 

2330 

67-65 

467-7 

65-4 

699 S 

•i: 3 

258-1 

81-5 

504-2 

75-4 

7 4 S- <i 

117-1 

275-1 

95-8 

542-8 

85-85 

795-4 

!:;e 5 

290-8 

104-92 

556-2 

■JU-9 

SlK-3 



116-7 

583-1 





125-9 

598-0 





136-5 

615-3 




The pressures at the temperatures 20°, 10°, 60°, 80°, 100°, 120‘ , 
have been read off from tbe smoothed curves,^ the vajtour 
ivusities at these temperatures, pressures and volumes (allowance 
made for the expansion of the glass) calculaterl (// 1), and 

he values given in Table If. 


Table II. 


20°. 


V. 

P. 

A. 

li*. rvs). 

(mm.). 


1 H:,ii6 

Ill 

29-5.1 

n->t',('v44 

128 

31-09 


146 

31-21 

ill 0«; 142 

155 

33-48 

'32250 

311 

33-62 

K201S3 

476 

3507 


40° 


y. i\ A.‘ 

(litros), (mm.). (// — 1). 
ior)i"4 i:jo 20-Q4 

0-&C690 153 27 •17 

0-75700 175 27-81 

0-66478 187 29-63 

0-32267 372 30-68 

0-20194 570 32 00 


60° 


V. 

P. 

A. 

(litroe). 

(inm.). 

{//-!). 

1-05234 

147 

25-33 

0-86737 

176 

25-67 

0-16740 

200 

25-87 

0-66514 

219 

26-90 

0-32284 

439 

27-65 

0-20206 

673 

28-82 



'31*/ lATioS GAHEOCH SITftOGES THIOXIDE. 


Table If. icutttinutdj. 



W 



100^. 



120^. 



/*. 

A- 

r. 

“"ft 

A. 



<1 

i 

(mm.). 



fmm.). (tf — 1). 

(litres). 

(mm.). 


1 05218) 

161 

24-50 

1*05348 

172 

24-16 

1-05406 

182 

24- 


194 

24-67 

0 86»30 

209 

24-19 

0-86877 

220 

24- J 

«>T5Tsl 

220 

24 91 

i>7582'i 

238 

24-32 

0-75863 

252 

24- i 

0- 

241 

25 90 

0-r;ii58fi 

260 

25-35 

0-66622 

278 

24-;- 

0-32301 

602 

25 61 

0-32318 

551 

24 65 

0-32335 

588 

24 b 

0 ;'02J8 

768 

26-75 

0-20227 

851 

25 50 

0-20238 

924 

24 : 


U0° 

V\ 

(litr(*). (mm.)* (H=l). 

I-0M56 192 2400 

<vSti924 232 24-09 

0-7j904 205 24-10 

0-00058 294 24-80 

0-32352 620 24-23 

0-20249 088 24-29 

It that the moaauroments made at the voluij- 

665 r,c. (about) are affec ted by some constant error, since the valui- 
for the vapour <lenslty are in all cases obviously somewhat t. 
large. Tiles*? liave therefore ix*en neglected in the discussion whi< ■ 
folJoWA 

Ijiicusiion of Rtmltg, 

[t is seen from Table IF. that the density of the gas varies fro? 
35 07 at the lowest teruj>eratur6 and volume to 24‘(X) at th* 
liighe;?t, [rmperaturo and volume. These values are a good <]ir<: 
I'iwrr than those found hy Baker, but the pressures at which ll 
dr>termit!.tlioii.si art? made are in practically all cases much low- r 
than tho.s*^ by him, and all his temperatures, with one exr--; 
tion, wore at !iioH[>lu‘ric. Further there is much greater difTicuitv 
in >' drying an apparatus of the size and shape of th u 

n<iei\ in tin pn-s/mt determinations than in drying the much simjd^r 
apparatus tis..d l/y Baker. 

For ooiuph te ilis.-ioeiatiuM of (or N.O 3 ) into 2NOo and 2 N<>, 
whu’ii as IbiKer slinwed, oeeui->; it the gas is in the slightest degri-- 
wet. ’ ilie v.rpuiir deiisitv would l>e 19; if it were all N,>0 i; 
WMuhl !>♦' and if all N^Og 76. 

trom table 11. it is seen tliat on increasing the temperaliif- 
and vidume the density decreases more and more slowly until : 
reaches the value 2100, and it is evident that this value mii> 
repreaeut very nearly the density of the completely dissociated ga?- 
Fills assumption jias l>een made in the calculations, and it is seen 
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that thia densitj corresponds with someUiiog heavier Uian a simple 
mixture of NOj and NO molecules. The calculations are simplified 
hy the fact that at 140 ° Uie dissociation of Kg04 into NOj is coiU' 
plete. For lower temperatures the values of the dissociation 
constant for Uie action N2O4 ^ as found by Naianson and 

othera have been used (Abegg, Uandbucb der Anorgauiaclien 
Chemie,” 3 , III, 134 ). To explain the experimental resulta there 
are many posaible awumptions. These may be represented by the 
following series of equations: 

(I) N4O4 (dry, not dissociating). 

N4OJ (wet) ^ Ng04 + 2 NO. 

N2O4 2NO2. 

(•J) N 2 O 5 (dry, not dissociating). 

NA (wet) ^ NO. T NO. 

2NO2 NA- 

N« 0 , = 2Nj 03 (dry). 

NO + NOj (wet, not combining). 

■JNOj-— N.O,. 

( 4 ) NA == NA + NO3 + NO (dry). 

NA = 2 NOj. 

(.V) NA ^ 2 NA- 

— 2NO. + ilNO (the N/),. diflsociuting in two ways;. 
2NO2 ^ NA. 

(6) NA + NOg+NO. 

N4OJ ~ 2NO + 2NO2 (^® ^A dis,m)ciating in two ways). 

•JNOj r: NA- 

( 7 ) N4O5 (dry, not dissociating). 

NO + NO. (wet, not. combining). 

2NO2 ^ N2O4. 

(Sj N2O3 (dry, nob dissociating). 

NO + NO2 (web, nob combining), 

2NO, N2O4. 

( 9 ) N4O3 ^ 2N2O3 (dry, not further dissociating). 

NA N203 fN02H NO (dry, not further dissociating). 

N4O, (wet) -- 2 NO.-} 2NO. 

2N02 V ‘ N.P4. 

i!n» NpQ — N.pa'i- NOo r NO (dry, not further <lissoci.'itiiig) (a) 


NO. f NO (web, not combining) (^^) 

2N62 - ■ N2O4 (wet) (c) 


All these assumptions were tested and were fountl to give results 
incompatible with the experimental data, with the exception of 
No. 10. Here it is assumed that the dry nitrogen trioxidc in the 
liqiiid state is mainly in the form of N40g molecules, and that 
drying increases their amount. On vaporisation these dissociate 
vou CV. ’ 7 M 
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to «». NOo »»'J NO in ^jual .olu»^ tho di-ocUUon being 
n««k complete *t H0<=, end on cooling the rwene chenge 
UkM pUte At the «ame Ume there are a certain ntuabw oi 
,B«tecnle. of SO, N,0.) NO preeent, oiruig to incomplete 
4r»iuc end tliMo being “wet" do not react with each other to 
giro nitrogen irioxide, nor Uke part in the acUon repreamited by 
(■t(a»l!oii («) which U only concerned with dry moleculea Tli.- 
V..p«ur deniity ol a gaj correeponding with complete diaaociatioi. 
4 .,orduig to wiuation (o) ia 25 33: the obaerved denaity for coni 
(,leU> di»»ociation u 24 00. From thia can be readily calculated 
the auiOunta of ’ dry ' N-jOj, NO. and NO, and of “ wet " NO, an i 
Xo present. From the known dissociation constante for different 
frrn{feri*tur« for the action 2N0ji, the amounU of “wet 

X'u* and N.O* preeent at any temperature and volume can U* 
r*:adily calciilatcfl. The vaj>our denaity at thia temperature an i 
volume for the whole mixture of gases being known by experimeiu, 
liie density corresponding with (n) can be found, and hence lli*- 
amounU of dry ' KiOg, N.Os, NOj and NO. The diaaodation 
ron^Unt for the action — NjOj + NOj + NO for the par 

ticular tomperature t and volume V ia then given by 


A ^ • 

t'v/jjC’sOjC so 

The value of A' was detennirnxi in this way for a aeries of voluiut > 
atol U-mperaturea, and the following results obtained : 




Table III. 



21 


40^. 




r. 

k\ 


K, 

V, 

A. 

0 

llHO 

0-20164 

439 

0-20205 

13-6 



0-32267 

67-2 

0-32284 

15-8 

o- 

nil 7 

0-76700 

122-6 

0-75740 

40-9 

o v;i.44 

.■>W7 !f 

o-seeoo 

157-6 

0-86730 

49-4 

1 Oo 1 1 f > 

t^7 7 

105174 

153-7 

1-05234 

.50-6 

11} , 


100^. 

120° 


y. 

K. 

y. 

A.' 

v' 

~A. 


i <K) 

020227 

2-18 

0-20238 

0-92 

o-a.ViOi 

()7 

032316 

1-92 

0-32335 

0-92 

oTriT.si 

hi I'J 

0 75!S22 

6-01 

0-76863 

3-Oi 

oseTM 

I5-2J 

086H30 

3-63 

0-86877 

2-89 


16 is 

1 06348 

4-90 

1-05400 

2-68 



140® 











I . 

K. 





0 20240 

0-34 





0-32352 

0-66 





0 75tHU 

0-92 





n sri024 

0-91 





1 05456 

— 
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Xb» oonstft&cy Here shewn is evidently only very approximate 
«xcep^ to ^0 case of the three highest volumes, when it is quite 
f^ir, »ed, when the following points are noted, as good as can be 
^pe<^ed. In the first place tlie value for the dissociation constant 

is^ as ^direber has shown phytikai, Chtm., 

t'SO, 

IS97, 24, 6fil), open to some doubt. In Natanson’a results, indeed, 
/l ' in some cases varies as widely as A' in the above table, and 
auy error in the value of would be refiected in tliat obtained 
fur A, Se<»ndiy, a very small error in the observed density will 
have a proportionately much greater error on the value of K i for 
eo£iinpl0i an error of 0 4 per cent, in the observed density may 
^reduce a change of 25 per cent, in the value of A. Thirdly, the 
h'alue of A ia seen to be proportional to the square of tlie volume; 
ttid the experimental method used involved an error in the deter- 
umation of the volume, namely, the unknown contraction in sealing 
the bulbs. In order to facilitate drying it was not considered 
idvisable to use capillary tubes by which an appreciable error from 
his cause would have been avoided : with tubes of 3 mm. in 
immeter the error, tiiougli not great, may be appreciable; and it 
irould be multiplied six times by the Lime the last bulb was seated 
Ai. In accordance with tills it is found that the values for A at 
jio lowest volumes are less tliaii tltoso at tiie higher volumes, 
t'^ourtbly, the boiling point of the liquid nitrogen tri oxide being 
'xaween 3*^ and 43^ (Baker) it is quite possible tiial Boyle’s Law 
It not obeyed by the vapour at the lower temperatures. If tliis 
.=u so the effect would be most marked at the lower volumes. There 
3, lastly, the possibility tliat, owing to tlie accident mejitioned 
ibove, an infinitesimal amount of moist air may have leaked in 
ihrougli the crack before bulb V was sealed olf, insullicient ajjpreci- 
itjly to affect the vacuum in tlie apparatus, but sunicient to cause 
.ufnplete dissociation of a portion of the trioxide NO^ and NO, 
Bilker has shown that the amount of water vapour necessary to 
l-'roduce complete diasociatiou of a large amount of the triox ido 
excessively small (T., 1907, 91, 1804). This seems, on the whole, 
ine most likely explanation of the low value of A as calculated at 
iJio two lower volumes, and it was tlierefore considered advisable 
lo neglect the determinations at these volumes. On the other 
wiQ'J, the constancy of A at the three highest volumes may be con- 
ii'iered as fairly satisfactory, and if the mean value of A for these 
•C'iUUiee at different temperatures is taken and the vapour densities 
‘-•icalated, the agreement with the observed values is quite close, 
is shown by the following table. 
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Table IV. 



A' -513 4. 

r=4o®. 144-6, 

r=60“. i:=46-97. 

V. 

1 bill's 
04A444 
0-7.VJ.Vi 

A rale. A</bl. 

3f>77 31 i/J 

31 52 31-21 

V. A c&lc. A obs. 

1-05174 26 82 2694 
0-^6600 27 56 27*77 
075700 26-12 27-81 

V. AOftlc. AOhfi. 
1-05234 25-26 26-33 
0-86737 25-68 25-67 
0-75740 26^04 25-!>7 

T 

A' -15 97. 

r-100^ A' = 5-15. 

r=i2o°, jr=2-86 

V. 

l 05l»0<> 

0767«l 

Acdk. Aobn. 
24-.V) 2fV) 
24-6>t 24'6T 
21-iH 24-91 

V. A calo. A ob^ 

1 05348 24-12 24-16 
OH6830 24-23 24-19 
075622 24-32 24-32 

V . A calc. A ol*. 
105406 24-12 24 Oi 
0 86817 24-14 24-U 
075863 24-19 24-1 li 


r 140^. A:r.0'9l5. 

F. A calc. A obs. 
IDM.'ift — 24-00 

24 08 24-09 
075904 24 06 24-10 


yt<,. 3. 



Tho relation l>etwe<?n l,!.c value of A' and the temperature is given 
by the curve shown in Fig. 3. At 0°, that is, somewhat below the 
boiling iHjiiit, It IS seen that the value for K is very high, indicatinr 
that the •dry" nitrogen trioxide under these conditions consist* 
luainiy of N,Oj molecules. At about 145° S becomes vanishinglv 
sni-all, and the dissociation into N.Oj + NO. + NO may be taken' tv 
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tie prActi^ly complete. The velue of the heat of the reaction, 
may be calcaUted by means of van't HoS » equation, 



aod givee the following values: 


Tr 


d — hmt of formation of 

20* 

60* 


1 1 ,308 ciUi». 

60 

100 


14.186 

lOO 

140 

Meoji ,. 

13.308 

, 12,933 caU. 


It would appear, tlien, to be fairly well estahlished that nitrogen 
uioxide at low temperatures consiaU mainly of molecules, 

h gether with some N>0^. NO^, and NO molecules, aocortling to 
I he extent of the drying. The vapour contaims a mixture of N/\, 
V.Ok. NO,h and NO molecules reacting according to the equation 
NA - NA-fNO. + NO, 

Mitxed with some “ wet N.>0^, NO^, and NO molecules. 

The extent to which tho di.ssmdation of t)ie N/\ proceeds under 
different conditions of temperature and pressure, and the amounts 
the "wet" gases present, are illustrated by the following hgures, 
wiiich give tlie calculated composition of tho gas under different 
rondi lions. 

Tani-n V. 


20 ®. 


60 ®. 


Volume 

NA 

NA 

XO, “ dry ” 
NO 

NO.^ " wet *’ 

Nb°‘ ;; 


(>■20183 1 0, ’>110 
018732 011240 
0‘0«408 0 I02I4 
0’0«is2 
0 0255.3 {HM032 
0-03516 oo:i7.-»r) 
0-00.317 0(MI077 
0-02490 0 02499 


(i- 20206 I •05234 
0-10050 0 03 1 69 
010S09 o-i42r}r» 
O 06ri43 0OS02N 
0 04 200 0 06027 
0-03KIO onK}s;i2 
0-(K8i22 o rH«900 
0-024911 0-02499 


Volume ... 


NA 

N£), ** dry " . 
NO „ . 

NO,, “ wrt " . 

„ 

NO 


n)0'\ 

0^^20277^0^8 
0-03644 0-00402 
0-14002 0-1 60.34 
0-08611 009-103 
0-06.661 0-06171 
0-03H32 0-03832 
0-00000 0-00000 
0-02499 0-02499 


HO®. 

0-20249 ]-n64.60 
0-(W)720 0 (M)O00 
0-1 64 74 0-16836 
009306 0-09584 
0-06108 006261 
0-03832 0-03832 
O fKKKKJ 0-0(KKX> 
0-02499 0-02499 


The effect of prolonged drying of the liquid appears to l)o to 
enable the NOg and NO molecules to combine to give NA, which 
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m iiuo dry »uto di«odAt« to give NjOa, NOj, and NO in eqnai 
volamee, the NjO, not further di*ociating. 

ft further wemi likely that the N^Oj molecnlee in the liqni i 
lUle »re blue, and in the gaaeous $Ute both N4O4 and N,Oj ar- 
toloarle*, or nearly ». ThU is supportod by the foUowin 
obwrvatiufi. A specimen of the thoxido prepared by Profeaso 
Baker, and dried for four years, shows an aimoet pure blue a)lou 
at the ordinary temperature, and it may be taken that there ar 
very few “ wri ' NOj or raojeculee remaining under the^ 

t ortdlUoas On gentle warming, however, the blue liquid chang<^ 
Ui greetj, the colour hecrnning blue again on cooling. This i 
probably due to the yellow NOj molecules produced by the dii 
w;ciation N\0« - ' X263 rN02 + X0 giving with the blue N/) 
ruoletuUs a green mixture. Ordinary “wet” liquid nitroget 
trioxide is green, owing to the mixture of blue N4O, with a reU 
lively large amount of “wet” NOj. The blue specimen of ven 
dry lutrogen trioxide still gives a brownish red vapour, owing 
th« formation of N(X in the dissociation of the gaseous N404, At 
v«*rY low Usnqjeraturffs all specimens of nitrogen trioxide, very drv 
or !^l^^'}ltly wet, become quite blue. This would be due to fan 
that at these temperatures any “wet” NO^ molecules would com 
plf-tely awociale to give colour!^ N2O4 molecules, which wouhl 
thru no longer protluce a green colour with the blue N40<. 

The tliank-H of the autlior are due to Professor Baker for 
sjH-ciruf-n of nitrogen trioxide and for much valuable advice, atoi 
to Mr, 11. P, V tattle for assistance in the calculations. 

IvrmuM, l'•o tr.<:R or Suksck .vno Tklhsolooy, 

S.W. 


i't'XV.— 77te Inpmicf of Solvents on the Rotation 
Opticntli) Adire Compouni.h. Part XX. Isomer,, 

By Thou.\s Stewaut P.atte! 19 os and Erkest Ferguson Pollock. 

Is previous parts of this investigation it has been shown to whst 
a remarkable extent the rotation of active compounds, but par 
tic^arly tiial of ethyl tartrate, may be varied by subjecting 
suhsUnces to tiie influence of different neutral solvents, and in . 
number of cases the reemlU due to isomerism in the solvent have 
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jjeeo coavdered. Thus the effect of ortho*, meU*, and para* 
$abstitatiQQ is often very great, as, for instance, in the nitra 
jerivataTes of benzene and toluene (T., 1908, 93, 1836), in tlte 
iiitrophenols (T., 1910, 97, 2110), or the three toluidines (T., 1913, 
101, 241). It has also been shown that quite a marked diffc^^ce 
in regard to solvqpt effect exists between Uio «y«- and the anfi* 
forms of various oximes, and upon this fact has been based a 
method for determining the rate of transformation of theae 
i^mterides, both in the homogeneous condition (T., 1907, 91, 504; 
//rr, 1907, 40, 2564 ; T., 1903, 93, 1041; /Vor. Koy. Soc, Chitgow, 
1911, 42. 10, 26) and also in soliiiiou in various liquids, as well 
an one for determining the influence of various neutral solvents on 
the velocity of this reaction (T., 1912, 101, 26, 2100). Similarly, 
it has been shown that the change from the a forni t^o the jS-form 
rf ethyl fonriylphenylaceUte (T., 1907, 91, 619), and of 
!<.!uene into w-nitrotoluene (T., 1908, 93, 1048), and of ammonium 
( vaiiate into carbamide (ihid,, p. 1050), could be followed in the 
vitne way. 

It is thus clear that comparatively subtle forms of isomeriam 
itirtv often bo readily detected or indicated by the different solvent 
(riion of the two varietiee, and it seems not improbable that a 
ificthofi sucli as this might on occasion prove useful in settling a 
ioubtful constitution. Thus, for example, as will be sliown pro- 
vuitly, since the eeters of tbiocyanic acid appear to produce in ethyl 
lari rate a higher rotat ion than do the corresponding est^era of uth 
diiocyanic acid, the solvent influerice of two isomeric esters belong- 
Kij to these claases might be sufficient to dist'riininaty(^ l)etween 
them. 

We have therefore thought it tlcsirable to investigate a little 
further this question of the relationship between solvent influence 
and isomerism, with the resulU given below. 

The active compound used at first was iV>butyl malate, which, 
wherever poasible, was made up to a concentration of about c = 10 
with the isomeric solvents. The solution was then examined as 
regards its rotation at a few tem|}erBture8 in the neighbourhood 
of 20^, and by interpolation the observerl rotation at 20^ was 
-htained. The density was determined directly at 20°, and the 
j{>ecific rotation calculated. The results are given in the following 
table. 
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/«/!««« of Solvent, on the Rotation of \MoBaiyl UdoU. 

„«Butjrl M»UU, .? (100 mm.)-10-69°, [«^-10 26». 


,S*/iv«50t 

M««hyt 

Kityl 

J'thyl • 

MO Butyl thi^^ryajjAt*- 

woHuiyl i4ijtU\ijtrynfift.tv , 
Kthyl *^thy 

... 

'r«tin>>rf>m^>s:tlu>Ji*' 


*r 

(100 mm. 1. 

it. 

0451 

-M9* 

1-0695 

lf+213 

-1-20 

1-0117 

10085 

-1-24 

10012 

10-5407 

-1-06 

0-9637 

10-657 

-106 

0-9532 

10-212 

-M9 

0-9833 

8-516 

-111 

1-1855 

3-5961 

-0-23 

2-7736 


f-If* 

~U-7.V 

~U 61 
-12 LN 
-10-34 
-10-4? 
-11 84 
- 10-9'.) 
+ 2-3o»: 


Front rmnib^T.. it will Im' notioe?i that the roUtion in ethv; 
M.,tl.t/K v'anate w lower Hint is, more negativ©--than in ethyl thi 
. an/l that the s^tine hohU true, hut to a very much le-. 

eiunl, h r ttm Muhtitvl esters of these two acida. The value for 
the roUtion ni inWltyl thiocyanate is given in tlje Uble, but tiu- 
corr‘T«ja.n)llng value for the j.othiocyanate could not be obtaiiu-.i 
at the same roncentratimi, sim-e the solvent crystallises out. ]\ 
wa.s inteiiitea to ir-rupare the rotations of «ohutyl malat« in eth\; 
/lethoxyrrotoiiaU' with that in ethyl etiiylacetoacetate, but th- 
fortner solveiit also crystallises out at the concentration aiM 
tnmfwrature of the e.xperirnenU. 

It iipf>ears, howev-er, from these results that the rotation of i^su- 
hiityl mahit*' is, coinjiaratively speaking, not very sensitive to 
jtiilvent influenco. and in order to ascertain what variation of rota 


tion witfi change of !V)lvent might be expected as a maximum, we 
o.tamined this ester in nitrobenzene on the one hand, and in 
jt tetrahromoetlMtie (.ncet vlene tetrabromide) on the other. It w-iil 
l>e seen from the table that whilst nitrobenzene has but little efTc. ? 
)>n the rotation of the t-ster, .rtetrabromoethan© raises its value t" 
i ‘J 30 '’ Although tliis is a considerable change, it is only abmit 
onethir)! of that which is caused in the rotation of ethyl tartrate 
\)y the same change of solvent, namely, from +3V55® in mtT> 
Wene (p- 10“^ (T.. 190«, 93, 7852^0 -10® in «-tetrabrom- 
ethane (T., 19':>8. 93. 371). On account of this greater sehsifiv)'- 
neas of ethyl tartrate, we tlecided to use it in our subsequent 
experiments, tlie results of which are given in the following table* 


[n^urf<cr of Solvenfn on the Rotation of Ethyl Tartratf'. 
Ethyl Tartrate, a® + 9*142®, [a]“ + 7*58® 


Solvent p. a* (100 mm.)- d. [a]-' 

Methyl thiocyanate' 60-625 +6-873“ M148 -t-O-sr 

Methyl wothioeyanate 61-396 +5-585 1-1449 7 !1') 

Ethyl thiocyanate 9-981 +1-198 1-0255 ll-'l 

Klhyl ijwtmooyanftte 10-166 J-0-048 1-0147 '*'3' 



rOTATIOK of optically active COMPt^CKDS. PART XX, 2825 


Influence of SoUenii on the Hofution uf Ethyl Tartr<Ue 
(continued^ 


Ethyl UrtraU, o7 + 9 l42^ [a]? fT oS® 


Solvent 

MoBotyl thio^ruiaie 

MoButyl Moth»o<^anm<? 

n-Btityl ftloobol 

«.^Botyl alcohdl* 

Butyl alcohol 

r<4rf. 'Butyl alcohol 

}:thj'l e>thyU«»toaoetftto 

Ethyl 3*othoxycrotonftte 

Ethyl C*aoetylacetoacotaU‘ ... 
Ethyl 0-acetylarctoaci‘tnti‘ 

Atvlofic 

Dually I k^na, 

Methyl propyl kotone 

Biethyl aulpnih' 

Et by I etliybulphunalo 

Biethyl carbonate 

Ethyl orthocarl«tnuto 

II Crt-fiol 

rrt-t*a‘»oi 

;i t/rc«o| 

Mi'tJiyl aoetoacctttte 


Ethyl Bcetoat^tate 


Ethyl iiiethylacotoacota to ... 
Ethyl (limethylacetoacetato 


Ac*otaldohyJe 

raraC4:;tAldohydo 

Ally! alcohol 

u-Propyl alcohoU 

■< ('ftjflol methyl ether . 
•Jt t.'rceol methyl ether 
j' Crceol methyl ether 


V' 

(100 mm.). 

-L 


10-5!lrt 

•f 0-628 

0 9740 

6‘23 

10fl7u 

-0-102 

0-9662 

-0 09 

12035 

+ 0 955 

0-8445 

+ 9-1 S 

9-990 

0475 

0-8307 

5-72 

1I'8K 

+ 0-57 

0-8404 

5-71 

12-127 

'f-0-35 

0-8263 

3-49 

02-934 

+ 4-695 

MU5 

6 72 

02- 958 

+ 3-405 

1-U13 

4-86 

9 02 

+ I‘(KU 

11020 

lO-Ol 

9-375 

; 1 411 

1 0759 

13 99 

10- ill 

i 1-003 

0-8226 

12 IH 

25055 

E 2- 000 

0-8727 

1189 

11-791 

+ ! 055 

0-8497 

10-53 

H-HH3 

M 093 

0-8442 

10 90 

9-381 

•} 0-514 

1 ‘0933 

7‘«4 

8-059 

M>’430 

1 1631 

4-27 

10-109 

-i 0-050 

0-9949 

6 46 

10-803 

+ 0-403 

il9432 

3-95 

9-812 

■i 3-387 

1-0598 

33-24 

9-035 

H- 4-305 

1 0496 

42-57 

9-592 

+ 4-721 

1-0500 

46-87 

1021 

M-250 

1-0882 

11-30 

25-227 

•i 2-940 

M070 

10-56 

50-481 

+ 5-402 

1-1388 

9-40 

10-471 

+ 0-972 

1-0450 

8-88 

25-0834 

+ 2-158 

1-0689 

8-05 

50-1892 

+ 4-335 

1-1117 

7-71 

10-2349 

-E 0-884 

1 0156 

8-51 

10-2808 

+ 0-923 

1-0275 

8-82 

25-107 

2-121 

1-0536 

8-00 

50-312 

3-781 

1-1002 

6-83 

49-080 

'! 8-45 

1-0125 

17-02 

49-99 

-E2-154 

1-0974 

3-93 

28-27 

+ 3-143 

0-9305 

11-95 

49-81 

5-335 

1-0010 

10-70 

25 

1-470 

0-8790 

6-73 

lo-oo 

+ 0-880 

0-9981 

8-77 

10-100 

+ 0-495 

0-9003 

4-89 

10-042 

+ 0-70 

0-9921 

7-03 


* T., 1901,79, 178. 


t T., 1901, 79, ‘J09. 


The changes here are decidedly more marked. Ethyl thio- 
cyanate as a solvent raises the rotation of ethyl tartrate to some 
flight extent— by about 4^^ — whereas ethyl t«o thiocyanate depresses 
It by a little more than 7°, so that the difference in solvent 
influence of these two substances is quite considerable — more than 
11'". The fsobutyl esters of these two acids produce analogous 
f*ffects, but the difference is not quite so great as in the former 
,ase. The difference quoted in the table between the rotations of 
solutions of ethyl tertrate in methyl thiocyanate and methyl uo- 



nrmms «>tu)CK ; ism-Esc* or soirnm os th. 

thiocr«»<- X “'I' ”"t ** “IT'' 

Jhirth* .t which th«» «k« wer. d^Bed is 

,tb h.sher (... dilute K.l»tion th. »^hyl auocjaBut. 

“ , «lut.ou), .nd doubll* .f «1«» ^Bld h.« 

IL.«e.l ut lo«« emcentration. th. ,p«ific roUtiOlU would *o« 
. ,r.rthiar.fab{<^ diffmnce, comparable with that found for the ethy] 


and id'/butyl j i 

Ao ,t,t.r«tii.g «« of diletmt wlvMt action i. panted by 
tf,« four l.utv! akohoU. .V-Butyl alcohol raiwa alighUy th. rot,. 
t„.„ tb. .lUlvexl . ‘bvl Urtrat«i ...butyl alcohol doprowM. it by 
an «iuul ani'.unt; rrc.-butyl alcohol baa pracUcally the aamr 

.(feet a. wrhutyl alcohol, wliilst tcf<--hutyl alcohol reduce, it atilt 
Thfc cf-'n^flcrabb difiterenecs ezhibited here seem to justify 
jdreh that this mHhod might in certain circumsUncee be usf-d 
tai disc run inate the various classes of alcohols. 

Stu(-« a coiisiflerablo amount of attention has been devoted to 
the itiv<^tfgation of Um influence of multiple bonds on the rot,v 
tifjii of art i VO compounds containing them, it seemed of intere^i 
Jao to ascertain whether any general effect is to be observed in 
the solvent action of unsalurale^l liquids. In an earlier paper (T„ 
lyt.iT, 91, 1838) it has been shown that ethyl fumarate and ethyl 
maleato eierciw a considerably greater solvent influence on the 
roUtion of ethyl Urtrate than does ethyl succinate, and, further, 
that ethyl fninarate has almost the same effect as ethyl maleatf- 
\Vf> )iavf‘ therefore ex.ituinM two pairs of isomeridw of aaomewhat 
-^tfiiilar type, namely, ethyl ethyl acetoacetate and ethyl )5-ethoxY 
crotonnte on tlie one hand, and ethyl (7-acetylacetoacetaie au.l 
ethyl f) acetylacetoacetate on the other. Of the former pair, it will 
fie Dhiervwl that the un saturated compound depress^ the rotatioti 
nf the etliyl tartrate to a greater extent than does ethyl ethylaceki- 
act‘tato, whereas of the latter pair, the unsaburabed compound, the 
<Ucf>tyl derivative, raises the rotation of the ethyl tartrate to a 
^'re.itcr extent than doe« the isomeric liquid. It ought, however, 
to ht> iMticod that the CDncentration for the former pair of solvents 


isS niucli greater than for the latter. 


In this connexion, we have also examined allyl alcohol as ,i 
solvent for bthyl tartrate, and find that it produces a decided rise 
of the rotation, wlierea.s the corresponding saturated alcohol brings 
ai>out a slight diminution, 

Of the ketonw e.xamined, acetone produces the highest rotation, 
whilst the unsymmetrical compound, methyl propyl ketone, has a 
somewhat greater solvent influence than has the aymmetrical 
<iiethyl ketone, but in the case of diethyl sulphite and ethyl etbyl- 
sulphonate the symmetrical compound has comparatively little 
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influ^oe, whikt the u asymmetrical derivative deprecees the rota- 
tion of the ethyl tartrate to a not inconsiderable extent 

AlthoDgh diethyl carbonate and ethyl orthocarbonate are not 
isomeric, it seemed of interest to compare thmr effects also, and it 
will be seen that whilst diethyl carbonate has a slight depressing 
influence, ethyl orthocarbonate has a similar but greater effect. 

Of the three cresols, the /nlerivative has the most marked 
luflueuce, but is followed somewhat closely by the fn-isomeride, 
,ind at a longer interval by o-cresol. The behaviour of other di- 
substituted bensenes in this respect has been summarised in a 
j.revious paper (T., 1912, 101 , 244). The various cresol ethers 
iutve, as in other somewhat similar cases (T., 1910, 97, 2118), very 
much smaller influences than the corresponding cressola; the change 
:ii solvent influence in passing from a cresol to the derived ether 
js not the same in all cases, however, but is greatest in the 
• derivatives and least in the o-derivative. 

An interesting comparison is that between acetaldehyde and 
jj.iraceUldehyde, the former raising the rotatioi^ of the dissolved 
t ^fer very considerably, whilst the latter has the opposite effect. 

Methyl acetoacetate raises the rotation of ethyl tartrate more 
than does ethyl acetoacetate, whilst there is but little difference 
hflween the influences of ethyl acetoacetate and iU methyl a in! 
<liriiethyl derivatives. 

Sonte of the solutions dealt with hero were examined over a 
-rcater range of temperature than the others, and as the data may 
In' of value in connexion with the effect of temperature on rota- 
tion, they are given in the table below. They show no charac- 
teristics sufficiently striking to call for special remark. 


Solvent: Acetone. 

The acetone was Kahlbaum's No. II. It was treated with de- 
hydrated potassium carbonate, and distilled through a Hem|>el 


tube. The middle fraction, b. p. 56*3°, was used. 

P = 10-01. 

< 13" 17“ 36-7“ 

d 0-8302 0-8260 0-8043 0-7944 

<(249-6 mm.) 2-42 2-448® 2-682 2-763 

il-87 11-86 13-35 13-92 

/<- 25066. 

^ 11*6® 16-2® 26-6® 32® 36® 

d 0-8820 0-8769 0-8666 0«8593 0-8560 

<(249-6 mm.) ... 6-21" 6-368 6-682 6-865 6-968 

[“]L 11-25® 11-61 12-33 12-76 13-03 



fATTERSOS’ POU-OTK iXFLt^lXCEOrSOLVKHTSOSTHr. 


Solveut: MHhyi acetoaceUt© (D? i' 0767 ). 


102 t -.'3 

, 15 * 3 * 

2 r 

35 - 1 * 

43 ^ 

64 * 

^ 

. 1002 

1 IW 6 

1072 

2-26 

1215 

1064 

2<34 

12-67 

1-052 

340 

13-15 

(170 mm.) .. 

f-V 

. 207 
. low 

2-18 
n 57 





lo-9' 

235 

35- n 

44-2“ 

57-3* 


1 1103 

iio:to 

10910 

1-0810 

1-0670 

flTO mm.) ■ 

4 93"' 

5-13" 

5-46" 

5-65“ 

5-87“ 

far 

10 35 

10 H4" 

11-07^ 

12- 18^ 

13-82“ 

:>t) 4616, 


. 15 0' 

21 7 

37-4- 

47 0" 

56 2" 

u 

a' )7n Ft j 

!'14:> 

1-137 

M2l 

MU 

M02 

:i 05 

:i-s 2 ' 

4-30'* 

4-55" 

4-71" 

U 

0U4 

9 51 

n>sri' 

11 59 

12 1 


Hokent: Kthy] acttoiicHat^ (k p. 75'^/12 inm. ; TVfl'0‘281). 


y PMTlo. 



11 

IS 

4ti“ 

51 57-5“ 

63" 71-5 

i/ 

1 o51n 

1 ^►47(» 

1-0185 

1 0132 

1-006.5 

l-oolo 0 - 99 . 

’ (VS) rmt. ) 3 53 

3S(» 

4-92 

4 95 

5-23 

5-30 .5-40 

i-i;. ■ 

, H l>2 

H 00 

11 48 

11-06 

12-40 12-64 13-13 

p 

:;:ru834. 

t 

M 

20 4" 

30" 

40-5’ 

60-5“ 


d 

1-07.5 

1-008 

1-058 

1-048 

1 038 


a* {170 mni.) 

, 3 42' 

3-6r 

4-09“ 

4-47“ 

4-77" 


[«i:, 

7 4()’ 

S-IO" 

9-W5" 

10 - 01 “ 

10-78“ 

r 

r.o'i.sriiv 

( 

15-2 

20-4“ 

30-7’ 

43-1“ 

54-2“ 


d 

MU 

' MU 

MOl 

1-088 

1-077 


g' (7i) rtmi.) 

2-7S 

3-03 

3 42 

3 84 

413 


i-r 

7 no 

7-70 

8-84 

10 05 

1092 


Solvent; Kthyl metliylacetojicetAt© (Df 0'9974). 


t 

i;r 

23" 

30“ 

41* 

d 

.. 1-0225 

1-0125 

1-0055 

0-9943 

a' (4181 mill ) 

3-25" 

3-65“ 

3-90” 

4-28® 



.. 7-77“ 

8-8r 

9-48“ 

lo-sr 


Solvent; Ethyl dimethylacetoacetate (Df TOlOl). 

p - 10 ' 2808 . 


< n r 21 - 8 ^ 35*r 

1‘OLV. 1-0115 

<(lT0mni.) l-4r 1-59' 1*78° 

kl; S' 18" 8-87" 10-08“ 
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35 * 1675 . 


1 

13-2* 

21-9® 

38-4® 

48-8® 

57-1® 

4 

10602 

1-0518 

1 035 

1-024 

1-016 

p* (70 mm.) . 

1*33“ 

1-52’ 

1-78"' 

1-91® 

2-01® 



7'L4* 

8-23® 

9' 78-' 

1061® 

11-26® 

;,=50'3124. 






1 

126^ 

20-1® 

32-2® 

40-8® 

51 -U’ 

4 

1-107 

MOO 

1-088 

1-079 

1-060 

(70 mm-).... 

2-55" 

2-80’ 

3 33® 

3-00® 

3-94® 

ik 

6-M^ 

7-38® 

8 6r 

9-47® 

10-46® 


Solvent : Paracetaldehyde. 



/r- 49-99. 






t 

20" 

33-1® 

42-9® 

57 ‘ 

67-5' 

d 

1 0075 

1-092 

1-070 

1-053 

1-041 

b' (70 mm.) 

..... 1-508® 

2-344® 

2-77® 

3-354° 

3-63" 

ik 

3-93® 

fl-19® 

7-40® 

9-05® 

0-96® 


Solvent 

: Allyl 

alcohol. 









( 

8-6® 

23-2® 

35-3® 

46-2® 

55-5" 

d 

0-941 

09275 

0-9165 

0-9063 

0-8975 

a', (100 inin.) . 

2-97® 

3-18“ 

3-40“ 

3-51® 

3-61® 

[< 

1117® 

12-13® 

13-16® 

13-70® 

14-23® 

/; .--49-81. 






t 

11*6® 

21-3" 

34-2“ 

43-6® 

53-0® 

d 

1-009 

1-000 

0-988 

0-9795 

0-971 

o' (100 min.) . 

504® 

5-38® 

6-94® 

6-11® 

6-35® 

M 

10-03® 

10-80® 

11-86® 

12-52® 

13-13® 


In conclusion, wo havo to acknowledge our indebtedneaa to Mr. 
1). P. McDonald, who made a number of the observations recorded 
iiere, and to the Council of the Chemical Society for a grant from 
the Research Fund which defraye^l moat of the cost of this 
investigation. 

OiiOANJC Chkmi^^try Dki'ahtmkni, 

UNIVSIUIITY ok r.r AROOW, 
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%.VII IJJWIS : J?rUPIE!> IS CATAtVSIS. PABT L 


*« Catalym. Part I. Hydrolym ot 
iUlhyl AcHuk, n-alt a Theory uf Hortwgewovs 
(Jatalpt.i, 


Hy ALrati) ]>a««le aa«l William Cldmok* McCullagh Lbwi«, 


1 r tj» well known that temperature has a marked influence ou 
r.at iion velocity, the general value of the temper8tur<w:oefficieiiL 

-' 5 for a rue m temperature of 10® when the reaction is 
at roofn teniperature. This increase of velocity witi: 
t*mp-rature cannot, of course, be explained from the mere ificrea^r 
ta kinetic movement, for this should only mean an increase o; 

2 cent, in the velocity of the reaction for the same change of 
tcm{)i>rature. It is clear that the temperature effect must be do- 
to ioiiie influence on, or conucctecl with, the internal structure ni 
the moltxrulcs taking part in tlie reaction. Now, the phenomeno!] 
of catalysis in homogeneKms solution has made us familiar witir 
the acceleration of reactions at constant temperature, and tlu<, 
therefore, must be due to some internal effect on, or connected 
with, Uie structure of the molecules. It seems, therefore, not un 
rwisonahlo to expect that the two effects are intimately connected, 
and pouibly identical in nature. This was the initial assumption 
tn thi>i work. Now, ;i» was first suggested by Arrhenius (Zeitsc- 
yhyakal. t’Afwt., 1889, 4, tile effect of temperature has l>een 
afM*ril«id to the existence of an w^uilibrium between so-called 
“active” and “inactive ’ molecules, such equilibrium being sensi- 
tive tn teuiper.iture change ; ari<l hence an increase in temperature, 
liy bringing into existence more “active’^ molecules, causes ^ 
rmrtion vehxdty veiy much in excess of what one would expec. 
on a merely kinetic view, Arrhenius has even deduced an 


i'.vpre.'i:ii(ni. 


ding* 

dr 


A 

r’ 


allowing tho effect of temperature i i 


uoinj ot a (piantity .!, wliicli on this view is taken to be half the 
energy change invulved in the transformation of 1 mol. < i 
inactive u, active.” If such ‘active" and "inactive" moh.- 
culea exist, it appears reasonable to expect that a catalyst, such 
as hydrogen or hydroxyl ions, simply acts in shifting this 
equilibrium. (It is not necessary to go into any possible 
mechanism of sucli a process, such as intermediate compound or 
complex ion-formation,) If the above conclusion, that the catalyst 
sliifta over the equilibrium, is true, it can be tested at once by 
determinations of the reaction-velocities at different temperatuiti 
with different amounts of catalyst. For, evidently, if the addition 
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the sbifta this equilibrium between the ^Uctive*' and 

■ insctivo” form, it is conmvable that sufficient catalyst could be 
^Jded to change a restively large amount of • inactive" to 
active’' molecules. It would follow, then, on determining tlie 
temperature-coefficient, that when the catalyst is present in large 
^luantitiee, such a temperaturecoefficient should be smaller than 
that observed when the reaction is not catalysed, or only feebly 
St,). For, when much catalyst ia present, the transform a tiou from 
inactive” to “active" would have already taken place (on the 
t'tove assumption regarding the identity in nature of the 
UMiiperature-effeci and the catalytic effei’t), and therefore tempera- 
ture should have less additional accelerating e0ect, 

In spite of the fact that numerous catalytic reactions have been 
jsivestigated, an examination of the literature lias shown that in 
i. M case have catalyst and temperature been simultaneously varied, 
the experiments detailed in the following section were tiierefore 
.jirried out for the purpose indicated above. 


Exfkkxmkntal. 


T(ie reaction studied was the hydrolysis of methyl acetate bv 
iiytirochloric acid of various concentrations. Five c.c. of the ester 
were added to 100 c.c. of the acid, and the reaction procc^Mlcd in 
ihiska fitted with air-tight 8top]>€ra. Tlie temperature was main- 
uiued at 25 + O' 05°. From time to time, 2 c.c. of tlie reaction 
taixture were withdrawn, and run into alx)ut 50 c.c. of conductivity 
water to stop the reaction, tlie time of witlidrawal from llio fiask 
being noted to the nearest second by means of a stop watch. The 
!>^ilution withdrawn! was then titrated with A'/ 20-baryta. The 
velocity-constants were calculated to the base " " from the 


formula 


Two experiments were performe<J in 


each case, and the mean value of k obtained from the two. In 


the following table, t is the time from the start in minutes, x is 
the number of c.c. of baryta required to neutralise the amount of 
reaction-mixture withdrawn, and is the velocity-constant, calcu- 
liic*! to the base “e." 
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Ta^LE [ 


l{>jdr*>h*i* tjf 


Mtihfl ActUUt wUh iyXm'S. tlyJroMorie 
Actd at 25®. 


of k omittod from calculation of mean valu. 


a. 


f. 


k - 10. 

0 



lb' 

IU'S4 

[1>WX)I 

•5 2- 

1H)0 

{>663 

43't • 

U t>'> 

0-641 

s.Vno 

U to 

0-66S 


ia.vj 

1h664J 

127 h3 

u 3y 

0 641 

tbVlS 

laO.'i 

0 661 


t5 4S 

oa}66 

iyU33 

in 56 

i>64y 


63 3H 

Oa>64 


6 . 


L 


k X 10'. 

0 

10-33 

— 

H>5 

10-6H 

(0613] 

23-75 

11 05 

10-571] 

43-20 

11-35 

(>•660 

63-61 

13-20 

0-637 

09 61 

13-80 

0«)fl5 

127-70 

14 60 

0 641 

L4I-3 

15-22 

0-055 

ItHjO 

15-80 

0-644 

196 6 

16-75 

0-641 

X 

64-54 

0-052 


Mean valuta of k for both o.xi>enmenta-0-653 x 10'*. 

Tlio aUwe table will serve as an illustration of the genei.. 
rhararter of t!ic tiguf‘s obuined in Uiese expenmeutfi. '1 h.- 
foiiowiiiiT table eoiiUiiis the mean values of two experinienU, an i 
tlimr mean, obuined by the hydrolysis of methyl aceUte with 
various strengths of hydrochloric acid at 25°. 



Table 11. 

fcxlO. 


tvrhi. 

(l). (^)- 

Mean. 

0 :)U24.V 

3 521 3-500 

3-510 

u H275.V 

5 967 CrU36 

6- 001 

IKU.V 

l.'i'92 16 26 

16-09 

2-42'J.V 

1973 21st 

20- 7 S 


h will be oljtaTVcd tliat the above cxperiiuents have Ih-h: 
r.irne-l into a region of catalyst concentration much greater tiui'; 
that usualtv eniploYe<l. It w'as liojjcd that tills relatively Iiil' 
cmceiilrai o-n -a calalyst wouhl shift over, U) a measurable exUojC 
tile C'juiUbrium ‘hetween the ’ arltvc ” and ‘inactive molec'iit' 
of methyl acetate if such exist. He fore proceeding to ileUn'iuin 
the cur responding reaction-velocities at 35°, it was necessary 
obtain data by which the same hydrogen-ion concentration could 
U' maintaine<l at 35° as existed at 25°. It has been suggest^^i 
by GoUbchmidt {/.titn-h. ph^stkai. Chem.y 1910, 70 , 627 j 19K 
81 , 30), Snethlage {Zat^ch. EUktrochem., 1912, 18 , 539; 
ph^nkrJ. CArrm, 1913, 85 . 211), and Acree (.Irnrr. (Jiicm. J-, l^l- 
48 , 352) that in addition to the hydrogen ion, the undissoci-itc i 
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jitolecttle of U» acid has a caUlytic effects but so long iis the iwiino 
hydr(^[«idoa concentration persists at 35 as at 25^ in tlie corre 
>ponding experinaent, the concentration of tlto catalvst retnaius tin* 
ame, whcUier Ute catalyst be the hydrogen ions/ the undit^nate(i 
,oid molecule,, or both. Accordingly, a series of conduct ivitv 
lueasurements for the acid used was perforiutHl, logelher the 
iieceasary viacoaity measurejuents, the details of which are given 
• low. A special conductivity cell of high resistance was ustnl, as 
uje concent! ation of tlie acid was so great that tlio conductivitv 
.vAS very high. The cell consisted of a horizontal gl.nss («l>e about 
si) cm. long and *J sq. cm. in cross-section, and the electroiltHi were 
^-aled in. at the ends. The cell was tilled and emptied by means 
■I two side-tubes, and was found to give very &itisfactory readings. 
The rcsulte are given in the following Ublcts. 


Tablk III, 


^ '«/n/ju7 1 1 ’ 1 1 y of U // tlruchlouc A dd in A tjuia u s Sohihu/i, 



Spocific 

conductivity at 

Kquiv. 

ctinvluciivity ut 

norriuUtty. 

25\ 

nrr. 

2.7 . 

;i5 . 

0 54124 

O’ 1 S04 

0-2051 


4(49' 1 


0-2827 

O’llJOi) 

:tn-o 

;is0'2 

b2S0 

0 4045 

0-454:1 

yio-o 

:i.7.'.o 

1-80(1 

0-5225 

4r59(>9 

290- 2 

:i2s.;} 

2-429 

04i:j22 

0-7101 

200-2 

292-5 

viscosities 

of the 

.solutions of iiy< 

Irochlor 

ic uid used 


-.vwrmined relative to water at 25^ by means of a Scarpa visco* 
:,-tcr {Gazzetta, 1910, 40 , ii, 261). The values obbiiimi are 
mvlu below in table IV. 


Taui.e IV. 

Hduitivt VUcositieD {to Wafer at 25*^) of Aqueous ll ydrochlonc 
And Solution a. 


Kolativi.1 virtf^fwity at 


Acid nonnaliiy. 

25 5 

355 

0-5024 

l-OO 

1-0.72 

0-8275 

1-059 

10H7 

1-2S0 

1-062 

1-082 

1-80O 

1-1.72 

1-115 

2-429 

M64 

M07 


Previous investigation has shown that tlie rnolnlity of the ions 
be corrected for viscosity by simply multijdying by tho inverse 
alio of the viscosity relative to that of water, when tho viscosity 
•> iQ no case very different from that of water. The corrected coii- 
iurtivities obtained in this way are given in table. V. 

V"L. CV. 7 if 



I.AUBI-K a>’I> f.KWjS; IX <*ATAL\blS. PART I. 


T-Vist V, 


of ilfjdfoifrn i'hl&nd*- tn Aqueoti4S<du(ion, Corrtvt,., 
fr,r th*' Viiconty of tht i>(duiion. 


\.«1 

(f- j 

I 

I v)») 


Njw* kiic c/iriiiut-tiviCy tti Equiv. oonducUvity At 


iyVjlS 

O'JIWS 

*>a:**'> 


3 ^»^ 

0 3474 
0-40 Ifi 

<>- 7^01 


25’. 

3610 

335-6 

335-5 

300-3 


35 ^ 
429-5 
410-8 
384-0 
366-0 
323 7 


Tif*- v^Iuti fjt tlu> e(|Uivalent conductivity at iiitiuit© dilutjui 
wrn; cai. uluU'd from the ffirmula f, - fjsl 1 + ~ 18) + k\t - l>r 

iK<diiratw«:h and UolUirn, ^'Iveitv. der Elektrolyte/' p. Vfj 
o at i» 424 6, and 35^ is 490-3. 

Kf<»m thi<t a, the dei/rei* of diss(K*iation, was calculat«<l, and li - 
valuffi (il>tain»-'l are given in table Vi. 


TaBOK Vi. 

hnjrrr of' /)\i*nriatuni, a, uiitl (I >jt{rnfjtndon ^'oncintration, -jll' 
ifi liquMairotii i^rr i.itrr /it '2^)’' (tud 35^, itf llydroijru Cfii<>nd' 
tti .i’ltifuuM Sul u( tun. 


A'fl t».>niiivluy. 

a ut 2.'» . 

a at 3.5^ 

IH'J at 25^ 

[11 1 at 35" 

o:.o24 

0'S‘)64 

0-87 HO 

0-4503 

0-4400 

0 SJ7.7 

0 s:j1.7 

U-8.7H1 

0-7047 

0-7086 

t‘J>0 

u TjliKl 

0-7830 

1U12U 

1-002 


(I'Tnoo 

0 7464 

1-4220 

1-344 


11 7i)7t 

0 HHOl 

1-7180 

1-603 


The vdltif-?i fft the hydfogen-iou concentration obtained ;; 
t.iOle VI were [duUed against the normality of acid at the 
ti;/n|a-r.ilun‘A IW-* and 3y^. Frotii the graph it was then doltr 
aimed what concent ratioris of acid at 35® gave the same hydrogei. 
tun rniiccntrations as tiiose already employed at 25®, The restdt; 
ol)tatne<I are shown in table VU. It will be seen that U]i t 
the concent rat tuti the values of the acid normality are juu 

luahy couK’idejit, aiul only tiivergo beyond this concentration. 


Taulk A^Ii. 

.!/•'</< i>f hifiKMih nt li fidnnjf n^iuti Voncnifrdti//// /if 25 ® diul d.'- 


1 lioriiitdit V. 

iioruiiditv. 

Uydrogeo-ion 

at 27) , 

at :{.7 : 

t;oriceutration. 

i> .'*02 4 

0-5(124 

0-450:KV 

0 S275 

O' 827.7 

0-7047 

] -JSO 

i-:ioo 

1-0120 

I'SOO 

1-035 

i-422 

2-420 

2-020 

1-718 
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Jq the ca*e of 0’HK>5.V'hydroihloric aciti, ii oau l>e a&sutued 
{hat, lik® -'72- and .Ydiydrothloric acid, the degree of diasooia 
tjoD i# practically the same at 25*^ and . 

The velocity-constanU with the acid strengths given in column 2 
were tlien determined at 35°, and the results obtained are given 
[.elow. 

Table VIII. 
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table IX is given 

a li.st 

of temperature 

coefhciei 


..rt thcienta being the ratio of the vchHily-i-oiisUiit at do ' to the 
^ responding const'ant at 25° 
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The result of these experiments, in whicli I lie catalyst has Ijeen 
varied over a very considerable range of concentration, shows coir 
vla.'iively that there is no tendency at all for the temperature- 
Inefficient of a strongly catalysed reaction to l>e less than that of 
d weakly catalysed reaction. This ia sulTiciently contrary to what 
would have been expect e<i on the conception of “ active and 
inactive’' molecules tiiat one is justified in seeking for some 
r<iiier explanation that will apply equally to temjieraturo effect 
arid to the effect of the catalyst. This coticlnsion regar<ling the 
r. 'ii c.xistence of active an<l ina<Tive molecules (in the ArrheiiiuH 
is supported, to a certain extent, liy the work of Taylor 
i K. Vf icnnkni)$ak(uh 1913, 2, No. 34), who 

out that the influence of neutral salts on the hyrlrolysis of 
is independent of the ester being hydroly.sed. Owing lo 
generality and comparability of catalysis in homogeneous s<jiu 
L -ns. as, for example, the approximate proportionality lietween 
velocity of the reaction and the concentration of the catah’st 

»7 N ‘2 
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<,fl the hand, «nd the generality of th« t^mperatuwroefficicii! 
mhich la oi the aame order for a whole seriee of widely varyiu 
on the other hand, one is tempted to seek for torn 
physical basi* whieb would #ply equally to both. lu the fit. 
place, ilarceiin recently {Compt. rend,, 1914, 168, 161) hi 
.i«duc^i vti a thermodynamic basis, with the addition of some cou 
aideraitons based upm the theory of probability, an equatic: 
identical in form with that found empirically by Arrhenius II; 
the effect of tenijicra’ uro on the velocily^constant. Harcelin, ho.v 
fcver, treaU the effect of temperature as a purely physical oi. 
,i« pemleut on the increase in internal energy of the reacting im I-. 

vMlea. Ue deduces the equation where A’ i, 

defined as the “critical'’ energy, that is, the energy absorbed by 
the molecule, lU excess of the average energy possessed by ah 
iitoleculH, before it becomes reactive. We suggest as more su.: 
aihlt) that Maretdin's “critical energy” bo defined as critical iua^ 
inent, #imo K denotes the e.\tra amount of energy which has to I -., 
addetl above liie average value {u). The term critical energy 
could tiich Im> uswi to denote the total amount of energy wli; . 
llm molecule must possess in order to make it react. A conveiuci 
synibol for this quantity would be Et, that is, 

Maretdiu s invesligalion shows that the tern per ature^effect can I- 
actounUHi for on a pundy physical basis; in other words, it d'x- 
nut rc<|uire the assuinplioji of “active” and “inactive” chcmj<,vi. 
tsomendfs. Since, tli ere fore, on Marcel in 'a view, there are l, 

■ inactive ' uiid “active” molecules, in the chemical sense, 
mass action ciquilibrium, one would not expect the presence of . 
catalyst to iliiuimsh iho temperaturO'Coefficient, which is thus 
agreement with tlio experimental results outlined above. 

Having ^><'11 how tlio effect of temperature can be accounted : r 
un a jiundy pliysical basis, it is natural to apply this to tlie cfii*- 
uf tim cal dyst. This is all the more necessary, because of 
many conllicting views that have been put forward from time i 
time in endeavouring to obtain a purely “chemical” explanati'* 
lor catalysis. Accordingly, it is suggested that catalysis 
e.ss«niti!il]y a radiation phenomenon, and this is the more liki! 
in view of the recent chemical significance of radiation, e? 
{iresaed, in general, in the quantum theory, and more parties 
larly ior the present purpose in Einstein’s photochemical 1^^ 
{,\nu, 191”, [W], 37, 83”) and in the work of Kru^-: 

(ZrtUcK tUktrochniL, 1911, 17, 453). According to Einsteiy' 
photocliemical reaction (tliat is, one due to radiant energy), 
place by the absorption of quanta, one molecule being deconip' ' 



UMBtt AND LEWIS: STUDIES IN CATALVSIJi PART 1. 2S3i 


hv one quantum ( = hv, where A=PU»ck’a conaUnt and v~Mho 
vibration frequency of the energy being absorbed or emitted), a 
iaw which is approximatety aupporte<i by experiment. Thus 
Bodenstein {ZriUeh, phygihil, Chnn.^ 1913, 85, 329) has aliown that 
the liinita, in general, are from on^|||n four quanta. Now Trautx 
[^,ri(sch^ ITUS. Photochem.y 1906, 4, 160) has pointe<^l out that even 
ordinary'' or thermal reactions may be regardeti aa ultimately 
pliotochemical, with the distinction, of course, that suolj 
ordinary" reactions are due to infrared radiation. Kniger 
fiL) has also shown how chemical pheiioiuena, such as tlie 
processes of solution, solubility, solution pressure, and elect rolvtic 
dissociation, may be 6xplaine<l on the basis of rudiatiou, these 
iieing linked up, in turn, with the dielectric consUnt of the solvent. 

Keturning now to Marc^lin’s expression, ^ . it is 

di A’ / - 

,!,-ar that the presence or absence of a cabalyst shouM not. 
afiect the value of A, and, in agreement witli this, we have found 
that the temperature coefiicient of a rwirtion is independent of the 
.plant ity of catalyst present. In tlie case of the liydrolysis of 
ii.f'tiiyl ncetat-e (as for various otlier reactions), the temperature- 
..>tdlicieut for a rise of 10^ about room tem])er.itnre is 2’5. Tliere- 
Kre. since 

d log I- hi 
' dt "" U T ' 

;t that 


log 


^v, 

A/. 




.v;.< uce hi is equal to 16,800 calories per gr.ani-ninl. 

Now, since there are 6'85 x 10^^ molecules [ler graru-mol., the 
.c-tual mean energy adde<l to a single molecule, that is, the critical 
.ruTfunent per molecule, to give it t.lie critical energy, AV, is 
1 *hsu() X 4‘2 X 1 0‘ . 

- ' r03xl0“^“ ergs. Now can this energy 


he olitained from infra-red radiation ? Let us assume, for 
ompli<‘ity, that methyl acetate absorbs monoebromaiic infra-red 
radiation, and that the increase in energy is efTected by means of 
ne or more quanta of such radiation. Tf v is the frequency, r 
she velocity of light, and A the wave-length of the light, then, 
‘nice A for methyl acet^ate may be taken to have a mean value 
•>/t (see Coblentz, Puh.Carneyie JnH. Wash., 1905, 36), on apply- 
n? Kinstein’s theory, strictly, that one quantum (-Av) is neces- 
to make a molecule photochemically " react, hv sliould be 
55 y 10"*^ X 3 X 

-~r~ Avr* ) is» 0*262x10*’® ergs. It will l>e seen, 

r5 X 10"* ° 
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ihssttht^ tHat iilif critical increment, per molecule is of iU 
or'ier of four quanta of the site mentioiie<l. 

We may also calculate inversely what frequency, v, will be necf^ 
iary in or<ler that one quantum may have the same value as /; 
In other word*, equating Ai||b l'03xl0"^ it is found that 
^ 1 o7> 10**. This corresponds with a wave-length of l'9xl0-i 
rm. ( ! Hince this lies in the region of absorption of 

methyl acetate, al)«orhable infra-red radiation will therefore be 
sufficient to account fully for the magnitude, E. Hence it follow* 
that, s^j far as Uio in penitu re-coefficient of reaction- velocity ij 
cuiirerne*], the nicclianism whereby the increase in internal ener^^y 
(i attained ran be accounted! for by radiation. 

Now, assutniiig that catalysis is likewise due to. the al^rptl- f> 
of radiation, one must note, in the first plaw, that radiation i- 4 !t 
only U emitted by a eharg*yl particle vibrating. The 8in^p}r^* 
vi^^w regarding the nicihanisrn is to consider it as due to tl. 
iiydrogen Ion as a whole, leaving out for the present the que4i. : 
of [ji^turbauccs of the electronic orbite inside the ion itself, p 
It Hiiggi-stcd that tin- ion is vibrating between neighbouring mo!r 
rules (tfuinly solvmit molecules), and that the radiation-emissio- 


t* atm to (tufti vji>ralions, analogous I 


' 1 


of charged aUmis in a solid, such as a metal. The reasons h.r 
regarding tlio typo of motion of a dissolved ion as being vibr^. 
tmna!, rather than translational, are as follows. Nernst aii* 
hindmmtnn iXrtl.rh. Kl^ktrorhrrn., 1911, 17, 817) have show- 
ti.at thr phrnoi.MMmn of fusion of a solid can be regarded as du 
to Ihr vibrating atom-i of the solid having just atUined an amp' 
tude rniiiparabio rtuth the disUnce apart of the atoms. The fiisi-- 
or liquid may (licreforo at the melting point be still consider- 
as po«.s<.sHing vibrating atoms (molecules or ions), and sim^ 
ino,{,rale change. temperature liave relatively little effect 
the moifH-uIar Hp;u ing of liquids, it seems a justifiable extension 
Undernann s view to apply it to a liquid, at least over a temper 
turn range nn( tnr> far removed from the melting point Th. 
argument m favour of this is the extremely small diffusio. 

Tth z , '■ * * 

course the ^ temperature, although, t! 

plitivlf Vi hr"; “'T of iranshtion, h,. 

very slowly will C ° ‘''® P“‘t‘on of which only chaii;^ 

•' --i ", 
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iud«' of vibration in the case considereti l>eiug the mean distance 
two molecules of the solvent Tije ion is repelled on 
a>Iliding* at each end of its swing. This supplies the potential 
t-nergv (which must be present, as well as kinetic in a true vibra 
tion), which is usually ascribed to attraction exerted on the 
v brating body from its centre of gravity. In other words, attrac 
tu'ii exerted by the point of rest can l)e exactly reproduce<l by 
,%jual and opposite repulsions from limiting positions of swing. 
Tiie moleeulea of the solvent are, of course, undergoing the same 
tvj>e of motion. If the actual motion of the hydrogen ion is of 
j!:e tvj>e described, it will be capable of absorbing and emitting 
foliation. It must l>ft rememl^ered that, on emitting radiation (in 
^ hundle” of one or more (pianta), the ion JiiomenUrily loses 
;ts energy, but imme<iiately ])rocoe<ls to absorb energy from the 
s'irrouuding reservoir, so that at any jnirticular Interval of time 
;di the hydrogen ions will not j)osses.H the sjime energy, Their 
♦’itergy can be represented by a mean value — some ions will poswess 
more than this quantity, some less. 

We shall now procowl ta> calculate the order of magnitude of 
the radiation emitted. Tlic gram-molecular volume id water at 
I is 1? c.c. ]>ractically. The domain allottrMl to a single molecule 
1 8 

IS therefore ^ --- ‘J'G x lO"--*' c.c. in round numlnrs. Hence 

7 X ItP 

the radius of each domain is T8-1 >; 10* cm., and the centres of 
two adjacent water molecules are separated, on the average, liy a 
dUtance 3'6S x 10**^ cm. The limiting volume (t)iat is, the volume 
at absolute zero) for one gram molecule of water is a])proximately 
17 e.c. Hence tlie actual radius of a single molecule is ajiproxi- 
Mi/ilely r8 xl0“® cm. Thins the actual r.ulius of a molecule is of 
the same order of magnitmle as the distance a])art of two a<ljaceni 
’icdecules. For water -aud indeed for most li()ui<ls attlie ordinary 
leniperature — the range of swing or free is thus an exceeib 

mgly small quantity, namely, of tlio order 10 “ to 10*^ cm. Tin* 
same order naturally holds for the distance of a completed swing. 
N’ow the mean velocity of a hydrogen ion at 11 a® in tmnperatnre- 
cquilibriura is easily obt.ainefl, knowing its kinetic energy at this 
temperature. This mean velocity (more accuratxily the root mean 
square velocity) is 2'73xl0^cm. per second, in round numbers. 
Hence the time required for a complete swing of a hydrogen ion 
over a distance comparable with the distance apart of tlie solvent 

molecules lies between the limits and . tliat is. 

2'7 X 10'' ^ 2-7 X 10'> 

* .^othing is really known of 1b<* uUiriiatR notnn* of a collision. it i»* 

fb-nomagm tie rffiulHiun. 
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3 7 , 10 ). u, 3 7 X 10-« -condA. ThU U the periodic tie,. 
ao,i tl.« r«ipr«al U the freciuency v or the numW .• 
“waI.oo. ,*r *cond. The frequency, therefor^ li«. b^ee. 
■> ^ lo» 7 X 'This i* the frequency of Uie radiation 

.i any' be emitted at .11. The wavelength, corr^pon i 
*,th th.« value, are Up to l ip, that la, wav«.lengU,. :■ 
,he moderate ■ infra red region, thi. reg.on ^ing at the atu, - 
t„re that over which methyl aceUte haa marked ab«rption. Ti . 
mf'ra red ahiK.rption of methyl aceUte, so far a. the measuremem • 
„f Cohleuti (for. c(.) have gone, extend, from l'6p to Up T, 
maximum ahmrption occurs between the I'miU 5 8p and 11,, 
al,.r,rptlo.. l*lng extremely marked. It will be seen, thcr, 
fore, that the radiation cmiUfMl by the vihration of a hydrog-: 
ion correspond, in wave-length with the radiation for which melhi. 
acetale ha, marked ah.sorption. If we take the mean value of tl,,- 
frequency of vihration of a hydrogen ion to lie I'dSxlO", Ic 
tini^ri^v ('I quantum 

hv 0 Ti.^ X 10“^ X 1 48 X 10“-0 97 X 10'*2 ergs, 
a ({iiantity obviously of the same order as the extra amount 
ffieriry r^quirt*^! to'he addcfl to ‘Mecompose” one molecule <: 
fru-thyl namely, ^rgs, according to the cal u 

titti'in ffftm Mart’tdin s ex)irt‘Ssion, It follows, therefore, that li 
rm-rjjy eniilU-d by the vihration of a hydrogen ion is sufficient ( 
■Aitpjily th(' ’critical increment," that is, the energy which 
fiicthy! aceUlo frioleciile must absorb, according to Marcelin, beff-i- 
It iMAcnuics rt'aclivi'. Of course, it must be pointed out that l!i<- 
« Mn.Hi<i.‘r.iih*n'i rci^Ardini; the source of the radiation from the i' ^ 
as line Mirujily to Us vtbriilion to and fro l>etween two iieighbouim / 
molwulcs hav*' bi-.m |mt forward as being the simplest possih:- 
<{)ntT|ition < f iito Tlie actual mechanism may Im* mkh- 

I nmfih'x. 


Thr Knfnp/ i)f Vihration of other 

th) the l.i-is of the me^'hanism suggested, more slowly movir.j 
ions will give ns?' to frcqiieiaics of smaller value, and therefore, in 
the case of heavier ions, the velocity, and consequently the vibrn 
tifin frequency, decreases. The frequencies, and the energy of tli- 
quanta correspoinluig with these frequencies, have been calculatc'i 
for the commoner ions in aqueous solution, both when these are 
regard eil as anijydroua and as hydrated (using the values com- 
puted by RieiM-nfehlt and Keinliold {ZfitHh. 'physikaJ. (7/icm. 
1909, 66 . 679). It is unnecessary to give these in detail, as th* 
relative positions occupied are altered in the two cases. All Mi-" 
quanta are le«3 than those corresponding with the hydrogen ioii- 
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Vo cai&ljtio effecU were obeerveci with poiAAiium and litbiiun 
chloridet in the hydrolysis of methyl acetate. 

GfntraJ OontideratioM. 

As regards the question of the possible activity uf the uiulis- 
^*,'iated molecule, experiments are now in progress, as well as 
w ill other consequences of the radiation mechanism suggesteil, 
„<K'h as the effect of a solute on the dissociation of the solvent, the 
.'ttalytic effects of fluorescing substance.^, the al)norinal dissocia- 
non of strong electrolytes, neutral salt action, the anticaUlytic 
r'Tct't of water in alcoholic solutions, and anti caUlysts or "pre- 
., rvative8'' in general. 

It should b© pointed out once more that ilie main iilea put 
’ rward in the present communication lies in the application of 
1 (lira red radiation as tho physical basis of the effeoU observed 
Ajihout any insistence upon a particular mechanism whereby the 
r.i-iiation is caused. That suggested is tho simplest conceivable, 
but it may yet be necessary to regard the question from the point. 
. f view of the internal structure of the hydrogen ion, such, for 
. v;iinplo, as the continuous change from a dehy<iraU‘<l to n 
.vd rated state, tiiis being a dynamical view intermedia to between 
T!ie two opposing statical “cbemicar’ views, one of which ascribes 
the catalytic effect to the hydrated ion, the other to tlie unliydrate4l 
;(Mi, In order to obtain emission from a cliarged particle, it 
i}i|>e.ir3 necessary, in view of Bohr’s theory (/Vj»7, lOKl, fvij. 

25, 10), to conceive of passage from one jjosition of staliility to 
kiiother, the ‘'positions" of sLihility being respectively tlie 
iivdrated and unhydrated states. In any event, it appears liktdy 
tlial tho distances involved will ho molecular, that is, of tho order 
pc® cm., and hence infra-red radiation of the same order as that, 
dready calculated would be omitted. 

When a reaction proceeds without a calalyiit (in tlm ordinary 
it may be assume4l that tho normal radiation <iensity exist- 
in': in the medium is itself sufficient to give to the molecules the 
rp'juisite "critical energy." The idea, therefore, of ascribing cata- 
lytic effects as due to localised increase in radiation density is a 
logical extension of this view. 

Summary, 

(1) Experiments have been carried out which show that the 
‘emperatureKioefficient of a reaction U independent of the concen- 
tration of the catalyst. This is contrary to wliat one would expect 
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fm thfe aieumption of ‘ activ© " and “inactive " chemicai 

(i) Oa Ih© U#is of MarctUn's physical explanation of the effen 
of future on reaction -velocity, a radiation theory has beti; 

to explain the phenomenon of catalyaia in homogeneoui 
g lutton. Crrtauj other con)»e<iuence» which follow from this havr 
Wn out. 

ifr Lii: •>¥ i’llYtil* U ASO KlLCYKO rUEMIsTRY, 

Thk; I 'kj.V.i slTY ^*¥ LlVEUIHViL 


n'XVIl, Tht’ MtlaUuifniithy of iJemwu SUcer, 

By KfU.KK TuOMPfiON. 

K*;om I'lo'inicul pfuiit. i>f view, the system copper zin* 

liukel, to whu li the Oenrnin silvers l>elt>ng, has received detaih-.j 
rjAmin.ttion irorii Tafe! ( Metallargie,” 1908, Vol. V., p. 4\:i. 
AUihM tho wholo of tfio more directly industrially iniportaiit 
kiiuwlp,' of litr-ie ;iIlovs, how^evef, is contained in a paper Kv 
Ilu’l-vifi (7. /r<At. Mrtnlf, 1913, i, 109), who, starling with the cast 
traced iU structural alterations on rolling and annealiiii: 
Ofjiv < ne ronipositioii of fiieUi, liowever, was examined, and alter;i- 
tuoi.^ ui structure with alloyn of tlifferenl qualifies were not con 
Huh rp'd. Hinre tho«> jilloys, however, eonsist entirely of Tafel\ 
o^oliiiinti, they iitp’ fueUlloi.M;tpincally strictly comparable with th^- 
a br-i'v.-ios, aiiil in addition to the researches mentioned above, iu 
f'<»rni.if iiiti of til- ^^rp'tte**! value may 1»6 obtained front the account" 
of work dofh* .,11 ttte latter alloys. In particular may be instatirr-u 
tfu> r{.;. <.,i«-al pajiiT of fliarpy ("Contributions a I'etinle des 
.tlhagrs,' I’aris. !!hil. p. I), which dealt both mochaiiically ami 
nii.'r<»KM.q)lucaI!y witli their working and annealing. 

Our pri'sent knuwh.Hlge of the micrography of the German silver^ 
juay l>e iaictly summarised as to] low's. 

The C 'miuort ial alloys consist entirely of the a-solid solution, 
since iim apjiea ranee of llto ^-piiase is accompanied by a brittle 
Ill's* that renders tlicm incapable of receiving the work to whicii 
they must lie sulijccted. In the cast state, the structure consist? 
of cored crystals, which in these nickeliferous alloys are remark 
ably persistent under l>oth mechanical and thermal treatment 
AnmMUing at a proper temperature will in time remove this coring, 
giving place to a structure consisting entirely of aUotrimorp!i> 
crystals, in which, however, unless the annealing has been very 
prolongeil, traces of tlie cast structure may still be recognised 
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like theM alloys are rolled cold, which treatuient 

produces* if carried far, a a indefinite linearity in the direction of 
greatest extension. The cored structure often still {>ersisU after 
repeated rolling and annealing. When the co]d worke<l metal is 
annealed above a certain minimum temperature, a recrystalHsa’ 
tiott is effected, the degree of coarseness of which is increased as 
ihe annealing temperature is raised and as the time is prolonged. 

Xhe pre«ent research has been carried out, for the most part, 
,,ij actual commercial specimens subjected to ordinary w’orks treat-* 
nscnt, and the results are typical of the industrial alloys. 

With a few exceptions, which will l>e mentioned, the sectitui.-* 
j.^iveWn etched with 5 per cent, ferric chloride solution, in which 
..nlv so much hydrochloric acid is present as is fiirnished hy the 
i vdrolysis of the salt. 


E X P E n l M E S T A r.. 

(a) Oxygen it^ Crrtnnn Siltxr. 

The <li(riculty of determining accurately the oxygen in hranses 
ind German silver is well known, and ordinary micrographs of 
the alloys do not show non-metallic impurities. Ily heating 
together cupric oxide and zinc. Turner (,7. fnet. ^frftIh, 1912, ii, 2) 
has ol)served a reaction, accomi»anic<i by a considerable evolution 
rf heat, in wliieh the oxygen is transferred from the ro[i])cr to the 
due, and hence has drawn the conclusion that in the copper zinc 
dlovs the oxide present is that of zinc. Exactly iiow this ocrurs 
i«j not quite so clear, hut Turner is of the opinion that it is proh- 
:d)Iv in a kind of fine suspension ineehanically entangled.” The 
.author hopes to bo able to show’ that this is exactly tlie form in 
which the oxygen is, in all probability, prescrit in the alloys umlrr 
consideration. 

.\ direct solution to the prohlcui wnul<l appear to he iinp('s.sil)le, 
hut the application of the principle of ”m-aximinii work” should 
m'iirectfly afford an answer. According to fins theory, a svstejti 
!s in its stable condition w’hcn those components are present which 
have been formed with the evolution of the maximum amount of 
):eAt. Thus awiiming the oxygen in German silver to bo present 
'11 an oxide, it follows from the theory that it will lie that oxide 
the heat of formation of which is the greatest. 

The following list of the heats of formation of the lower oxides 
<''[ copper, zinc, and nickel is taken from the tables of Laiidolt and 
Bornstein ; 

Oxide. Itcflit of formal ion. 

,0 42’3 (inoRfi of two). 

XiO 59-7 

ZnO 8,f;0 
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Th«i 5 then, iiidiciU very stroogly tJiat, u Tum^ 

eofK'lu4e4 hr the (ropper^nc alloys, from an entirely differen- 
cofuiideration, the oxide present in German silver is that tf 
line 

lu oTfkt to det^^rmine the exact mode of occurrence of Uie lin 
oxide, a scries of specimens of good commercial German alver ^ 
varying ]>ertenUges of nickel was examined at a high magnify. . 
tion afU'r j^didiiug, but without eUhing. In all cases, very fn - 
tbii'k io<-lu«ions were visible, of one of the most marked of whi..; 
Kig- I 1 * a photograph, taken at 1000 diameters. The structur 
would faintly suggest i radiating or globular eutectic, but for 11- 
pre^nt rn»‘rhanit ally cnUngle*! " would seem the best descript i- ■ 

(b) Thi^ {jiflitrnrf of DeoTulantt* 

in the lucuHogjaphv of alloys, such as the osolutions, whi. 
rnn^Hl <-utir< ly of a single phase, the size of the allotrimorplii 
rrysUl'i must in all cih^'K Ir; a point of the greatest imporUiu 
Witli a view to detenu ine the iuOiicnco of deoxidante, a series . 
four ttiloyjt was exainiried. The essential composition of each \v-. 
the same, l»ut whi].st two hud received no addition, 0 25 per rcu 
of Tiiarii'ant^se hml been added to one fusion and 0'5 per cent. < ’ 
alurniniuin to the otlier. The alloys after ca.sting were rolled in': 
«hceU ami annealed. 

On exuftiifi ition at a magniftcation of 60 diameters, tlie t .i 
untrcal‘^d alln-y^ were eoniposed of crystals the mean area of whi. 
wa?i (I ii sf|, rni., and tiiuji re:i<ldy o)>S{‘rved. At the same magni: 
ratiun llie cryslaU (.f the deoxidised alloys were so small as to I 
iri.iivi.lu.-illy and a mere matt-surface effect was observe - 1 

At htL'her magniti.-ai i.-iis the mean area was found to l)e 0 ‘I»h : 

s*j. run 

In the aUimlnium alluy, an incomplete network faintly to I* 
seen may afford an explanation of the idea held by certain inakeiN 
of (h-rman nilver that the presence of even small amounts <’ 
ahuninnun is detrimental to the properties of the metal. 

TiiH rcmukaid..^ rotining action of the small additions < ; 
mangane.He and almnininm is the more ciiriou.s, as, at any rate ir. 
the case of m.ariganese, the whole amount added had passed ii * 
the slag, hardly a trace retnalning in the alloy. 

Tho finpr structures of iho dco.vidised alloys imparted to 
a higher tensile strength than that of the untreated metal, ami iu 
view of the tact stated above, that no chemical difference e.vi.'^tcd 
iietweon the troateti and untreated specimens, no explanati' V! 

• A.UnfUt.t i*.,n .OMii-nt addl'd oimdiy a metal i to tlie molten ullov hf’: 
t If alter td »'n<t to rliminUf oxyj^» n whicli luvs lieen dissolved during the nudtiiii: 
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to meet the case so well as that of the Amorplious cement 
ne<irv of the iutercrystaUine boundaries developed by Roseuhain 
K-tsenhain and Ewen, J. htH. Xfriah, 1912, ii, U9 ; 1913, ii, U9) 

, { his co-workers. Several other observations, all pointing in tlje 
stiiio direction, have been made during the pre|Kiratioa of tliis 
.Sj>er. Thus, Humfrey (7. Iron and Strrl Carnfifirt Vol. 

1913) has recently aliown that in stressed ferrite the slip 
I .Olds show a tendency when approaching the crystalline 
. uudaries to bend round and U> a]iproach at a smaller angle, 
ticaling that these junctions do possess projierlies differing cmi 
irrabiy from those of the interior of the crystal. A similar con- 
.s'on may be arrived at from the curvature of the twinned 
,I\^lal3ill German silver wliicli has been cold worked. Aft^r tim 
,>t'Ution, the twinned portions show u marked tomleiicy to retain 
• :-.ir original angles with the boundaries of the crystals. At a 
distance from the boundaries, Ijovvever, which i.s still great 
■jij fared willt the actual tliickness of these, the limits of the twins 
curved, following tlm direction of elongat ion of the crystals. 
l*sc same alloys were of interest in another tlijcction, Troubh^ 
ict imes occurs in the working of German silver duo to “ l ilUing. 
i:,;S effect is a corrugation of the surface of the article during 
' lining, etc. Tensile test-pieces were j)repare(l and broken from 
- ;,h of tlie alloys, when two showed tho ap]>caraiice marktsUv, 
i.d tiio others, which had been dwixidisiHl, wore free. Tim mi 
■if-ated alloys w'ere, in comparison, coarsely crystalline, wliilo the 
!v>tat» of tho treate<i ones were exi'Cedingly nuniile, and it is in 
'os crystal size that tlm source of tho trouble si^fMus to ije. 
itiffUng ' is apparently due to certain crystals lieing s<|ueezed 
c. at the surfaco under jiressnro from adjacent ones. If tlm 
rviiUls aro largo tho surface wnll lusi^ iUs sMioothneK.s, hut if minute 
i effect will bo inappreciable, 

1 iio addition of a suitable deoxiilant would thus reduro tlm 
. tlohiy to this defect, and, in addition, tiie autlior has rea.son 
: « i-elieve tliat tho adherence of tho deposit during electroplating 
.s ,i!.so improved at the same time. 

Tim grain-refining inthienco of such additimis is not restricted 
the alloys under consideration, hut apjiears to he a fairly 
.‘ iicral phenomenon. Tho reduction in the crysGal size of a Muntz 
eUl by the addition of 2 [>er cent, of mangane.s<?, althougli not 
•'*' marked as for German silver, is distinctly noticealde. 

(c) The Effect of VTonounetd Overheating. 

tig. 2 is the photograph of a German silver of high nickel con- 
’-ot which, as a result of drastic over-annealing, \\fid hecome almost 



: TUK HETALUXJKAFHV OF GEKllAS SILVER 

*Btirely de.wd of ducidity. Ltaipite repeated cold rolling ao. 

ai. n«lit.g, a very definite ‘ carting " etructure u> eeident, what 
would appear to o»e >“ reiulroduction to the overheaUng. Ti„ 
gra.ii .iio 01 tin. alloy, ar ahown in Fig. 4 at 300 diameters, canu ; 
Ui the caiUAe of the brittleueaL 

iti urdcf lo decide whether such beat treatment U capable us 
repro^lut iug the c&sl pattern, the burnt specimen was annealed lor 
hiur hours at . The structore after this treatment was ihdi 
of a normal alloy, anti ail traces of the dendritic mart 

mgs had toUliy disappeared. 

i h<; apccuufcu was next reheated for one hour to just beioA 
the A^didus, about when a structure very closely resemblni, 

Uiit ot Fn^ - was again obuiaed, although the branching wa* 
«< ifcely iiVf well shown. 

Kxactiv what is the tneeuanism of these chang^i is hanii. 
nppareiil, Tiie casting pattern was, on the average, |>erhaj- 
2 j luin long, whii.lL the diameUT of the crystals shown in Fig ; 
was o: tho order of 0 u4d mm., so that the two would seem to ha\.: 
nothing in rommoii. When a similar German silver in the cait 
state 1.1 bui tit (Fig. a markedly different structure is obUin-.i 
<ifid sa.'.iiv laiger i:rviuU. Tlio most probable explanation see::;.> 
LO b*; th a Uit' casting pattern is a remnant of the structure of ti..,' 

t. rtguial ingot, but luj faintly preservtNi that, in ordinary circuoi 
siaiites, ii ii nuL w;cn. The tendency of the zinc to volatilise at 
liic hsgii lcm].‘ laturc, I'.ipeeially from those parts where the con- : 
sliiicture ivniains, may conceivably give a sponginess wliicli, afUr 
ctf iang, would .niiow thi:i faint structure. 

dial ciinoui rcprofiuctiua of tlie “as cast ' pattern by over 
annciiUng iH exactly cuuipaiable with the welbknown reintrodiiL 
tioii of Liu' marienutiir j.atteru in overheated steel forgings. 1; 
tlm overheating Ijo siitUciealiy drastic, the structure becomes 
intviiflcly angular as tu l>c imiistingiiisliable from that of an uu 
IrraUni casting 

It has recently been shown by C. Chappell (J. Iron Sifel lust., 
i'Jll, i) liiat tim leery stall isatiun of cold worked ferrite is 
plTt'ctcil t)y ihc d^'f iinieti crystals splitting up into many smaller 
.“•♦•tuiidaiy um-s, and a similar method of recry stallisat ion seems ic 
hold tor Gcrmatt silver it llie ileiidritic markings of Fig. 2 are tic- 
remains of the ungnuil crystalline structure. Tlie area outluici 
111 iiu.H jiiiatogjaph wnuld tiien re]>resent ]iart of one primaiy 
crystal, whtcli >ig. 4 indicates must have broken up into sen.' 
liundrcds of smaller ones when retTysUllisiition occurred duriiif: 
aniirahng after cold work. 

dig. *1 IS oi tile siiiiue seciiun as Fig. 2 alter the annealing aii'i 
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rvburiiiag, but taken at a magnification of 300 diameWrs, Tlu^ 
first point of interest U that> although it repreaenta h rolled athl 
annealed German silver, practically no trace of twinning re 
mains, and the section confirms the conclusion of KdwarUs and 
Carpenter {J. Iron Strrl Irnt.^ 1914, i), that by prolongeil heating 
4 II trai^ of twinning may be eliminate*! from a forged and 
annealed metal much below the melting point This comparative 
absence of twins in overheated German silver may afford valuable 
evidence, additional to the crystal sise, to the works iiivestigalor 
when dealing with material suspected of over-aimealing. A secoml 
f.oint of interest in connexion with Fig. 4 is the peculiarly broad 
crystal junction, probably due to the volatilisation of tine in then’ 
vicinity, and further evidence of the validity of the ainorjdmus 
(.rment hypothwda Since a material in the amorphous condition 
iiji a higher vapour tension than in the crystalline, other tliingh 
U'lng equal, where such material exists thorn sliould also Iniruing 

i-i'cur. 


id) Intiuetice on thr Sinn'lure of Cnm 


When the average grain size of a 70/30 braas is crunparwl witJi 
that of a German silver, the finer crystallisation of the latUr at 
uiice suggests that the presence in tlie solution of nickel lias a 
decided tendency to reduce the coarseness of the grain. To iIoUt* 
mine how far this is true for varying qualities of German silver, u 
senes of seven alloys was examined, ranging in nickol jMTn ntagi* 
frnin 7 to 22 per cent., which had receive*! ordinary cnmmercial 
ircatmcnt. Fig. 5 is a pliotograph at 100 diameU^rs of the \2 per 
<rnt. alloy, and tlie following list will iiidirato liow very marked 
IS ilie diminution in the size of the crystals as tlie jM-rcenlage ot 
mckcl in the alloy increases. 


Nickel. 

ap'd uf rryhtiil. 

[V>r w*t]l. 

IS'I- cm. 

12 

U-U15 

15 

00025 

22 

0 00U5 


The chemical composition of tlie alioy.s is iieie the m.iin fac tor, 
hut since the annealing temperature of the lower nicked alloys is, 
ill general, aomewhat iiiglier Mian that for the more highly 
liickcdiferous ones, tlii.s may a]s<j liavij exaggerated slightly the 
«“:h*ctof the nickel. This refining action has a counbupart in the 
iiie(a|]f>graphy of steel, w^here the action in reducing the grain 
■'ire of 3 |>er cent, of nickel is most marked. 

rim effect of the copper-zinc ratio on the structure has not Is'en 
examined in detail, since the copper percentage in the alloys 19 
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iilmoftt In the one cw with 15 per cent, of nickel wh .. 

wjM ejununeJ, *« increaeo in the percentage of copper of 4 
cent, yielded a email refining action, which, however, might 
ha^e been due to slight alterations of the conditiona of annealiL: 

Throughout the range of nickel percentage examined, no alt^r^ 
uon in the ty[>e of twinning could be detected. In ail caaes u-. 
wa*, for the moet |«irt, of the repeated type, with also aome sitii- . 
twinning, and throughout the series corrosion pita suggested cur. 
crvstalhiatiou, although no accurate measurement was nidj. 
With thi> exception of the size of the crystals, the only other eCr. 
on the structure of the increase In the nickel percentage is i-. 
greater jK:r»i»tence of the cored crystals during rolling 
auneaitng. 

(e) Lrad and Tin, 

Lead U ptactically totally insoluble in brasses and Geroi.. 
•dver. In the cast state, the lead separates out as globules, wli;. 
nn rnliing htrunie elongaUHl to threads in the direction of u> 
girHU*«t extrtiMon. Tliese threads, however, are not continu> ^ 
hut break up into a serit's of globules roughly spherical in sli :!'. 
Kn,' b IS a photograph of a forging of German silver with ab 
13 per icnt. of lead. The sjiecimen has been polished only, i: . 
not f‘tcije4l, 

Ktg. 7 is of an alloy with about 2'5 per cent, of tin in the co* 
state. A now slate-grey constituent has appeared, stroni’;, 
rt'jH'udiliug thesiniilar grey constituent in bronzes beyond the li;: .: 
uf the osfdution. Tim constituent may well be of similar c*»:; 
poaition, eit her (’UjSn or a solution rich in it. It shows, howi vi-r 
no trace of the eutectoid structure of the constituent of the broiiz-. 
Tlio well known l^rittleness of intennetallic compounds affords 
ready exjdanatioti of the inferior mechanical properties of i 
(lertnan silver rich in tin. The structure of this alloy liar'i!« 
appears to tiie author to suggest the eutectic stated by Lau 
( Alloys, p. 17o) to be formed by the addition of tin to Gerini: 
silver. 

. I o * I / tf-s hfturrn dtrman Silver and Steel. 

Several times during this paj)er analogies have been poino. : 
out Ijetween tlie metallography of German silver and steel, a:; i 
these may ho extended. It may well be that for certain purpov' 
the use of one alloy for the other may be possible, whilst inf*r 
ences drawn from the metallography of one metal may further t!.- 
study of the other, 

’V\\e ol 

(1) In practice, the annealing temperature-range from 90b' t 
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:()0^ i» aam© for oach, and th© teiuperat4iro falls as the per- 
*T*nUg© of nickel iucreases in the non-ferrous alloys, .iiul as tlui 
t-arbon ioowea iu the iU©el. 

In each case, overheating will cause a reintroducuon of the 
, vst structure, with an accompanying loss of diutility* 

(3) The mechanical properties of German silver are not dis 
Muaiar from Uiose of a normal mild steel. 

(t) In each case, increased nickel content nieaiis a diiuiniitum 
ji the size of the grain. 

(5) The mechaniam of the recrysUllirKition afU*r oold work 
appears to follow the same course for belli meUls 

,^0) As shown by the austenitic stt^els, tlie original cast struc- 
ture of each is the same, and tlier© is reason to believe tliat the 
t<culiar persistence of the cored structure in the German silver 
j,.t5 a counterpart in the ferrous metals. 

i'uwimury. 

^1) The oxygen in German silvers is probably |)resent as linely 
Uiitseiuinated oxide of zinc. 

(2) Deoxidantfl have a marke<] infliumco in giving a liner crysUl 
iifiH structure, accompanied by lietter meclianical pro pt‘r ties. 

(3) A curious reprorluctiun of tlio ''as cast’* stnicluro has been 
f< It ud iu burnt metal. 

(4) Lead and tin both cause tlie separation of distimt cuiii- 
IKiueuta, probably lead and a compoiiml of copper and tin 
ri"pectively. 

(5) Marked analogies exist lietwfMui the iitoUllography of 
German silver ami steel, and l>etween their mcclianical and anneal- 
mg properties. 

The b<!st thanks of tho author are due to ()r. II, G. (irceiiwoo<i, 
'•t Messrs. William Hutton ami Sons, SheflUdd, for sttvcral of tho 
’ imens, and to Mr. J. H. Wreaks, Lecturer in Mctallograjjhy 
m tlie University of Sheflield, for much lielp and advice. 
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rCXVIll Colmnng Mattera oj Rhamnus 

i;athartk‘U^. 

IJv .ioitr Oksch md Arthur GEOEtiE Perkin. 

Scv.iiHtitSi. to th^ work of Tscliirch and PoUcco {Arch. Pharu 
238, 15'^), the yellow, tinctorial coustituenU yielded by tl- 
Wrnm of ):hnrnnu 4 cathnrticui (Hungarian berries) are quiU 
ima frcHi ihoae given by the berries of the various specieb ■ 
Uhnmnu* wlucfi constitute the Persian Wry proper, and now w> 
known Uy cotorist ot rhamnetin, rhamnazin, and quercetin. Tliii- 
,iotor-iitig to these autltors, iu addition to rhamnoeraodin an; 
r*TUin olH-r aliiwl non tinctorial com{>ounds, with which the 
s**nL |>a|K*r in not L-oncernetl, there could be isolated from li.< 
l»rric« of P. ntOutrttru 4 four hitherto unknown yellow, crystalln- 
jwilsaancra, to which the names rhamnocitrin, ^-rhamnocitrn: 
rhammKrhryMu, and rhamnolutin were assigned. Altliough tU 
ronstitut ion of tiiese compounds was not ascertained, it ap|>tai' . 
hkely that rhiiinnocitnn, was the trihydroxy derivati.- 

of tliC diliydroxanthotie, 

1) 

-cir, 

(X> 

ami rhamnolutui a mnv tetrahydroxvilavone isomeric with luteoli;. 
ami tisetiu. Again. rltamiUKhrysiii was probably .c 

f»xi'lation proihni of rhamnocitrin, whereas the latter an; 
d rliamnocih in, i h>sely rt*s*Mnhled tlie d-rhaninetin win* 

Sclnitzcnhcrgcr ilcscnhcs as obtainable from Persian berri*> 
d Hhammx it riri is quite distinct from rhamnetin, ami, 

intlml. in all tiicse compounds me thoxy-g roups were absent. 

ft is swtmcwhat remarkable that Tschirch and Polacco were u; 
aware that tlie true formula of rliamnetin is (■„|{,,0, (U er^JJ 

Mituafih., 9, hlS; 1801, 12, 172), and that the so-cali' 
drhfimnetiii is with Utile doubt quercetin (T., 1895, 67, 502). 

Valiasi'hko ami Krasowski (J A* ««.<?. Ph>/g. (,^luvi. .Soc., I'.tl' 
40, 150’J}, ami Krasowski * 1510), on the oilier iiau-i. 

strongly criticise tins work of Tsclurch and Polacco, and conter ; 
that from the botanical relationship e.xisting between the Per.ss.ni 
Wriee and those of P. nithurticug, and the similarity of tlieif 
dyeing properties, it is only to be anticipated that the same colour- 

Fur tnt(i'‘l;Uiun t>t this pijKr, wlucli U written in tlie Kns'ti.in lauguag’’. 
4t.- imh :..c.l t<» Ihv uf Mr. T. 11. I’u[^. 
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ittg Button will b© yielded by both. Ae « matter of fact, ilit* 
compounds of Tachirch and Polacco could not be isolated, although 
the preeanco of rfaamnetin and quercetin was e^ly detect^Ki. 
Rhamnolutin is possibly rhamuetiu, as the melting point of the 
acetyl derivative, 183 — 184®, would appear to suggest^ whereas 
rbamnocitrin is exactly like quercetin and rhamnetin in ita re- 
actions. Again, instead of rhamncK'hrysin, a mi.'cture of quercetin 
and emodin was obtained. Further, xanthorhammu, the ghuo&ide 
of rhamnetin, is present in these berries. 

At the outset of this work we were unawaro of Krasowski’s 
pajier. our object being chiefly the study of the rliamnocitrin of 
Tschirch and Polacco, for aitliough flavone derivatives are ex 
tremely common throughout nature, the closely alliwi xanthono 
fr'*up of which this compound was apparently a memlHT apiiears 
to 1)0 but poorly represented. Having, ijowcver, soon sjitisfied our- 
^\\-es as to the nature and pro{)erties of this compound, a study of 
the oUier colouring matters which cati be ohlaintNl from the berries 
has been carried out, with the resulta given in tliis paper. As it 
jipemed possible that the divergent results uf tiieai^ former workers 
jsiight have been occasioned in tiie one case or the other by Urn 
accidental use of berrioa not derive*! from J^. mthordcus, special 
tains have been taken to ensure tlic botanical autlienticity of the 
materia I here employe*!. 


K X P E U 1 M K N T A I.. 

Four kilos, of the berries were extracted will) eight litres of 
l*«'i!ing water for three liours, tlio mixture was filtere*!, nnd tlie 
rcs'idue waslied with 1‘5 litres of hot water. Experiments were 
'iTst carried out on tiie Hubstancea remove*! from this extract by 
a<:itation with ether, but this eventually proved tx> ho unnecessary, 
and fortunately so, for not only did the mixture s*q)nrate from 
iit« ether with difficulty, but very little colouring matter was 
r»'rnove<l thereby. The small quantity of the prodiict.s is*)latcd in 
iliis manner, however, closely resemliled in j)r*))ierty those <!«wTibe<! 

Tschirch and Polacco. 

It was found better at once to hydrolyse the glucosidos pres**nt 
n: the aqueous wilution, and for this purpose sulplmric acid Ui the 
• xtent of P5 per cent, was added, and tho mixture boiled for two 
Siours. A granular precipitaU gradually separated, which in- 
*reased in quantity on cooling, and this was collecto*! and waRluMl, 
when dry, consisted of 352 grams of a dark brown powder. 
bi order to remove a trace of plant wax which was present, it was 
‘xtracted witli a little boilj ng benzene, only a minute arnotnit of 
colouring matter being remove*! thereby. 
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Tbe yffAmi in the finely powdered condition waj now thc^ougli!. 
talraeUil with boiling Hber, and the extract evaporated, whereLv 
a yellow, crystalline residue (4), weighing 102 grams, remain^i 
The }»#o)ubie in ether, which po«8«aed a dark brow^i^^ 

black tint, w.»a r>racticaily free from colouring matter, and v-. 
IrimiUy largely a plilobaphen j«ro<iuced from a phobaUnnin by li 
ac tion of liie acid. Tiie crystalline residue (4) was lu 

exhiu»t««i with boiling toluene, leaving 82'5 grams {B) undissolvi 
tnd on cwiling overnight, H graJus of yellow crystals (C) separat 
troin the rwjlution. The&e were extracted with 200 c.c, of 50 j* 
cent, alcohol, the residue ip) being twice crystallised from toluei, 
and then from methyl alcohol, until the melting point was consl.ii 

Kouml.t: 62*77; H-419. 

CtftlljjOg ref|u ires 0=^64*00; H~4'00 per cent. 

It consisted of palo yellow leaflets, soluble in alkali with 
yellow colour, and l>egan to sinter at 210®, finally melting 
221 -222 y With lead acetate it gave a yellow precipitate, ar 
iU wdution in sulphuric acid po«se8sed a deep green fluoresce m 
The amount ohtaiiUHi w'as exceedingly small. 

Tim acetyl compounrl, prepared in the usual manner, crystalliv 
from alcohol in colon rlfnis neetiies, melting at 200 — 201®. V 

melting of this cotnjKUiml, and that of its acetyl compound, u: 
practically the same as those given by Tsclurch and Polacco 
rharnriocUrin and acctylrhanmocitrin respectively, and the fa 
that its sulphuric acid jiolution is strongly fluorescent left no 
as to Its identity. Tschircli and Polacco adopted the formii: 

(^ 63 11; 11 106), and, curiously enough, testcii /- 

the prt>«cm'e of a methoxy group, with a negative result. Fed::, 
far from certain on this point, experiments were carried out : 
Zeiskd.s method, with the result that this statement was founa t 
be incorrect."* 

Found. Me ' 4*92. 

^ 1 1 ^^'/ re(juii'es Me- 5*00 per cent. 

• M uo.u., t N, r.us^.nti 1913, 46, S983) have .'alcd that wlua . * 
aahyln.b is nni-luy-l iii .w.jn.raiuu ^^ith ZvUt)« inethoa, a j.r 

WuHki.! hy li. rog (.1/ M,h., 1S89. 9, 514), erroneous 

h\itrci<ti.- ii;'hl Mil acrtii,' utihyJiidc alone give in tin- v. ■.> 
ansouiit o! Mlv.r Oul.Uclmiic-U {Vc>\, 19U, 47, 3S9) \u> j- 
out 1 1 *. in tn liM* iif iliT oti.liii.try where bulbs containing an. 

p (wu lontu ar.' .u, [ ^ jj. thw sLit* lu*; * 

.Uamujj Au.l .Vcreiisu iu is iirortvrt. On the ulhet hand, GoUlsclmiif.Jt ^ ^ 
chit the resuto of ilio.se AU'hors had Wen obtained with the auiMrU > 

III nr t*l in uhioh llu’-o bulbs are a'woQl. Kreoueut ttractice m-'' 

ermrr angg-'aU'd improbvl.le that nurh au error occurred, but ox{>cnni* : s ^ 

caiiU o.it uit.4 .»|>(xir;Uth tm ploying pure acetic auhydridc will. "/.•>< 
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pTodnH frwn the acii(m of the hydriodic acid, which waa 
evidently present in the form of an oxonium salt, wa« poured into 
sodium hydit^n sulphite solution, the yellow predpiUto collected, 
crystallised from dilute alcohol, and traces of io<iine still present 
tfrre removed by means of potassium icklide stilution. Finally, it 
crysUllised from acetic acid, and obtained in yellow needles, 
melting at 274® which gave with sulphuric acid a lluorescent solu- 
rion. The acetyl compound, prej>ared in the usual manner and 
crvstalUsed from methyl alcohol, former! colourless nt?edles, which 
Kiclted at about 116®, gradually solidified as the t^niperattire rose, 
aijid finally melted at 182®. Again all the properties of this colour- 
ii-if matter were identical with tliose of kaeinpferol, and from these 
rcyalts there could be no doubt that rhaninocitrin is not, as sug- 
.:este<i by Tschirch and Polaeco, an hydroxydihydroxanthone, but 
s-4 in reality a raonomethyl ether of kaeinpferol. 

The only substance of this constitution at present known 
the kaenipferide of Galanga root, Aljuntti officumrinn^ 
Ust isolsteei by Jahns {Her., 1881, 14, 2385), wlio found 
lu melting point to l>e 221—222®, and Unit of ita ncelyl 
-i^^rivative 188—189®. According, however, to the later work (d 
I'i.ufiician and Silber (ffrr., 1899, 32, SGI), ami Testoni ((iazzcttii, 
ptou, 30, ii, 327), kaempforide and acelylkacm])feride melt, re- 
'jteclively, at 227 — 229® and 193 195®, and alllumgh in general 
jrspect rhaninocitrin very closely restoiible.s kaenipferide, it would 
ij.pear, more especially from the difforence in the melting point 
»f their acetyl derivatives, that they are distinct compeumlH. In 
■ irder to compare the tivo compounds, an etliereal e.\tra<‘t of 
(ialanga root was obtained by purchase, hut tiiis proved to l»e of 
!io service, in that but a trace of kaem{>feride was [iresent, and 
further oxperimenU could not l>e carriwl out owing to the fart 
!/iat our joint work liad to cease at an oiirlier periorl than ha<l 
iteeii anticipated. It is hoped, however, to subse<|uently dealjwiih 
tiiis matter. 

The main residue (/J), 82-5 grams, from which the rhainnocitrin 
had been removed, was now e.xtracted, respectively, with boiling 
'‘hloroform and boiling water, in the hope that some definite 
sr^paration would be thereliy effected. As this dirl not prove to lie 
the case, the product was next digested with 350 c.c, of boiling 
Almliol, filtered [filtrate (^)], and the residue washed with 50 c.c, 

' f hot alcohol. The latter, which weighed 11*5 grama, and was of 

• }‘io die acid ” (D 1*7) alone. Th<* rcsultfi were a.^ anticipated, no hilver iodide 

produced, from whidi it apix-ar-j that if Mauning and Nieienstciii etnplnyud 
e appamtua their diffictiltiea must have arisen from the use of iuipiire acetic 
•ohvdride or of acid of a strength greater than that known as “/eisel, ’ 
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ft verjr »pahagiy solubla nature, wft* purifi«i hj extraction wiw. 
800 c,c, of fKiiling acetic acid, and the soiation, on cooling, (i^ 
poftited 3 7 gramft of yellow crysUla, melting at 2S0 — 282^ [filtrau 
(F)]. On acetylation, colourleaa needle# were obtained, which 
after re-acetylation, melted at 189^. A aimilar treatment of th- 
reauiue not dissolved by the acetic acid indicated that thia Wi 
ftlmoi^ entirely the iiaine ^impound as the acetyl derivative 
at 190 ^ <)it iivdrolysis of the latter, and subeequent re-acetylatiu; 
it was eventually ohuine<i of the constant melting point 190 — 19 j 

Found, C 59 16 , H - 1 09, 

rcijnirps C 59 50; H-4'13 per cent. 

HydrolyMA with hydrudiloric acid in the uxiial manner indica*/^; 
the prwwjjH-c '/f four acetyl gn>ni>s. 

Koiifui, f G5 U'J. 

rKjulres C’ljHj.iO; 65 29 per cent. 

An analysis of tlie colouring inatter gave the following result 
Fonnd, f' 60 55; H 3 91. 

requires C- 60'76; H 3 79 per cent. 

It ruii.sisted of yellow needles, melting above 300®, soluble in 
alkaline solutions with a yollowtsli colour, and giving with alcohol 
tear! acetaU^ an (jrangc red precipitate. 

This ctjju pound agree/! in general properties with tlie iS-rhanoi. 
fitrin of 'r«chircli am! Polacco, wlio give the melting point of tlir 
acetyl compound as 190 -191°. The method of isolation al>. 
adopted l)y tfifjys authors corr«iponds very closely with that given 
in this paper, Imt, on tiie other hand, the formula CjjHjoOj wln.i 
tltey have adopted re<|uircs C 63-44; H~4-06, much higher figur- 
than lu-ie found. Again, it was observexl by these chemijU 
that ^ rhatimm itrin in .■vone respects resembles rhamnetin, althoii”: 
mention is in.ido in thoir paper that it is different from rhamuetir. 
and contains no luetlioxy -group, Krasowski (toe. cit.), howewr 
state.s that he has i*«dated Thamnetiii from the hydrolysed extra-: 
fd these Urries. but. gives the melting point of the acetyl compoin;; 
as IH3- 184 , which is practically identical with that given Iv 
tdelwrmaun and nbrrnaiui {Hrr., 1878, 11, 1618), 181-^183° an'i 
by Herxig {Mon<Uih., 1888, 9, 548), 183— 185®, but much Uer 
than that of 3-rliamnocitrin, 190—192®. 

E.Kftmination showed that, contrary to the statement of Tschin 
and Polacco, a methoxy-group is present in this substance. 

Found, Me “3 03. 

requires Me=:3 09 per cent. 

The deuu'thydated proxhict proved to be quercetin, in that it h^ i 
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jli tJbo propwiae* of this substance, and gave the acetyl derivative, 
ai^^lting at 193-195° (Found, 0-59 69; ir-3-47. 
requirea C~59 60; H = 3'31 per cent.) 

Id order to determine if this compound was in reality rhauuietin, 
0 f a diaUnct monomethyl ether of quercvtin, s^nne quantity of 
rhamnetin w’aa spenally prepared from Persiati berries and sub- 
mitted to exhaustive purification. From this (lie aivtyl compound, 
oiiuined in the usual manner, melUM at 190 -192'^, and was 
identical with that described above. It is evident, therefore, tliat 
this colouring matter of the berries of H, rotharfirus is rhamnetin, 
ujd Krasowski is correct in this respect, although his preparation 
,‘AUUot have been pure. On the other hand, tliere can be no doubt 
nut, under the name of 13 rhamnocitrin, Tst-lurcli and Polacco 
..[itainefl pure rhamnetin, but the statement that their compound 
.i,,| not contain a metimxy-group, and tlnur analytical rt^suits are 
ditb. ult to explain. 

The acetic acid liquors (!’) prmluced during the purilaat ion 
..f rhamnetin w-ere treated w'ith water, and the yellow f»recij)i 
ute. which, when dry, weighe<i 9 9 grams, was e.\1r.u-te<! with 
.ifcohol, and the operation repeated until all (rates of (,ho less 
*i>hib!e rhamnetin Imd been removed. The combineil oxtracls were 
evA],>orated to dry new, and the residue acetylated, by wliirh means 
an acetyl compound, melting at 190^, was isolate*!. By a re 
digestion with boiling acetic anhydride and frequent rccrystallisa- 
tion, this eventually melted at 193—191^. TIh‘ free colouring 
aiatter (0‘22 gram), obtained by liydrolysis, i’onf=is1aMl of yellow 
needles, melting at 308—309^’. (Ftmml, C ^59“^! ; H d -l'J. 

requires C — n9T)0; H 'b31 jicr rent.) It was evidently 
<{uercettn, and Kraaowski’s statement in this respect is thus 
rnnrirme<l. 

Among the compound.^ isol ite<l bv 'IVhirch ami I'olaccn, 
there is none that corresponds in property with rpHTcetin, an*!, 
aeleed, the amount present in the hydrolys'd berry extract is 
very small, and minute in comparison with t.li« <)nantily of 
this dyestuff which can bo obtained from Persian berries. The 
•il'oholic fdtrato [K) obUined during tho is<datioii of the 
rhamnetin was treated with water, and the yellow precipitate, 
'■^hich, when dry, weighed 48 grams, was rrysbillisod from 50 per 
’’ent. alcohol. It was now dissolved in alcohol, a trace of sjiaringly 
vjluble substance removed, and the filtrat-e fractionally precipitated 
with water, employing quantities of tho latter varying hotwfM*n 100 
*nd 200 C.C., so that six distinct deposits were obtaine<'i. Of Ihefse, 
0)6 first four, amounting to 27 grams, consisted almost entirely of 
the same substance, and this was crystallised from acetic acid until 
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the mating (mint was coiuUnt. (Found, C-62 86 , H-3.^ 
C H O, rmmtm C 63 94; H = 3 49 per cent.) 

il cloxsw'-l of yellow nee.ile», melting at 275“ aoluble m alka!:.,, 
w.lutions with a yellow coloration, and giving with alcohoUc h, 

a.i-MhUf a M:\Urx pre<;ipitate, , t i . , • 

The ixcMyl corapund eryiitaUiae<l from metliyl alcohol m colour 
1^^ which uudted at 116"^ resolidified at a higher tem^K-r^ 

lufr, iiad flMitily melted at 191^. (Found, C = 60*79; H = 3'J3 
C. H,.0, rerf^uires C=::60*79j H =:t 3 

CjJlj.^O,, cent ) 

(>fi fulsiun with alkali, this colouring matter gave phlorogluci!).;: 
at and phy<irox>d)eazoic acid, melting at 209'', ai- 

there could, accord iir^iv, ho no doubt that it consisted of kaein; 
f#.rtd. It is quite evi i-nt that this compound represents i:, 
rhamnolutm of 'IVhirch and Polacco, who isolated it in a jmr^ 
(..nilition, and determined its correct formula. They, howewr 
rrrel 1(1 ..ui-ddcnug th.it it was a new flavone colouring matter 
Tin i wa-rt^ cvi-huitlv unaware of the production of kaempferol fr' i; 
k u-nijif'«'riil'\ its (nethv! ether, by Gordin (Oiga.^ Berne, 
and its i'^.iiatnui in tho free condition by Verkin and Vilgrim t i 
iH'j.i, 73 . Uh7) fnmi the flowers of helphmium iM. 


Kiounpfeinl is by f.ir the main constituent of the colomii;: 
niattet a di-nved froin tin* 1 S’ cries of U. <’rir/irirfjrwjr, and Krasowd: 
wln> HO far ;i.s to denv iU existence, and to criticise the w- t* 
fij T^rlurf h and Polaci r> in lids respect, can at the most ha 
(II ide iiut i i ursory examination of his product. 

Ah (f> the niture of Tsi'hircli and Polacco's rhamnocisrs^i:: 
('i.llj n. (<’ hh'H; I! 3 .VJ), an opinion cannot be given, for 1 
coniponnd i nfit tilling' so low a percentage of carbon 
I fuonnteif'd during tills work. Should any substance other thv. 
tlu’se isolated juivo ew'aj’od detection, the amount present couM 1* 
iiut trifling, for the arcumulaled r»jsidues, apart from a trace 
emodln, were fouml to consist chiefly of impure kaempferol. 

The sh.ui*s given hy tho lierries of /?. cutharUcua on mordanl*.'^; 
Wfuillon elotti indicate that they possess much poorer dyeing proi-^-r 
ties than iVrsiun berries. This is evident from the following tai-ie 
which repreM'nts the dyeings obtained when equal weights ’■ 
matcriul were employed in each case: 


, ( « PS 'Jl » 

•• r ^ 


>^rrr<. 

Hull iiranjjit' ri'd 
ItiHtfht yellow 
Dull .)hve yelhsw 
Bright oraugfi 
Dull olive 


Ilnt^ffnrian 

Dull olive yellow 
Pale (^reeiuah yelluw 
Drill puce 
Pale orange yellow 
Palo dull olive 


It has long li^en 


known that Persian berries contain a pecniur 
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fennwifc* now twmed ‘‘rhamniiiMft,” which at 40® in tha pmanca 
.;,f water hydrolyees Uia glnc<Hnde8, with separation of the free 
colouring matters. This change naturally occurs when the dye- 
is slowly raised to boiling point, as in the foregoing experi- 
iiieiils the shadee obtained being due to the free colouring matters, 
ijid not to the glucoeidee. On the oilier hand, if the berri» are 
j.lded to boiling water, the ferment is killed, and on dyeing with 
^cb an extract, colours of a much yellower character, due to the 
^lucosidea, are produced. By experimenting in a similar manner 
vr-th the berriee of R. miharikut, it was found that, after treat- 
tjjent with boiling water, shades similar to those describwl above, 
of a much paler character, were obtained, indicating, appar- 
ent ly, the presence of a similar enxyme in tliis material. For 
r^ons given above, attempts to isolate the latter have not as yet. 
made. 

Nummary. 

The colouring matters rhamnolutin, rhamnocitrin, and i3 rhamno- 
• iirin isolated from the berries of U. catharUcui by Tschirch ami 
Pul.icco consist, respectively, of kaempferol, a kaempferol methyl 
f liicr, and rhamnetin, but it is considered that their ^ rliamno- 
I'lirysin is not a distinct substance. . The statements of Krasowski 
til at the two former compounds cannot be isolated from these 
herries, and that rhamnolutin is possibly rhamnetin, wliereus 
rhamnocitrin is exactly like quercetin and rlmmnetin, are obviously 
iriforrect, although the results of this author in regard to tlie 
jirfsence of rhamnetin ami quercetin in the mixed colouring matters 
iiavo been confirmetl. The latter are, however, only present in 
small amount, the main constituent being kaempferol, anil to this 
the dyeing property of these berries is chiefly <lue. 

t’M»THWORKKRS' RKliBAlu:n I.AHoHATOKY, 

The Univehsity, Lkkdn. 


1*1 ’XIX . — The Methylation of Cellulose, Part II. 
Hydrolysis of Methylated Cellulose. 

By WitLiAw Smith Denham and Hilda Woodhot sk {(■arnegie 
Fellow). 

The metbylatiou of fibrous cellulose by the agency of sodium 
hydroxide and methyl sulphate, with the formation of pnjducU 
the composition of which may be represen te<l by the simjde 
^»»|>trical formulae Cj2H,jOj*OMe and C^HgO^rOMe, has b^n 
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deteriWi in a prwiou* conunnnication (T., 1913 , 108 , 1736 ); n 
«a» fch»r« poiuud out that, notwithaUnding th© apparent conaUiict 
IB cofiip<aitioa of the gubaUncea formed in several independec- 
iM^riee of tixf^nments carried out under slightly varied condiUoui 
the methylate#! prcxluets are neverthelees not neoesearUy chenjicj^ 
individuaU. The rewulta now communicated of additional eipt^r: 
menta on the methyUtion of cellulose, and of a study of the hydrr. 
lytic decompogitioa of the methylated celluloae, tend to confirm 
tiic view that the latter guVistance is not chemically homogeneoui 
If. is, fiowcvcr, important to notice that the expectation that ti> 
l>r!>#JucU of hyrlrolysu of the methylated cellulose would prove i. 

methyUte#! ^duroses has b<*en justified; the further inveatigatk,?; 
of tht^ fhHhylat#d .sugar.i which is now in progress will, it 
hofied, alToni dehnite evidence regarding the manner of linkag.* i : 
llm red flues in the c#-llulose molecule. 

The wll marked stages formerly observed on the first and aecoi; i 
lr»^.itmcni i of the cellulosic material wdtli the methylating reagenL* 
wftu'h <'or f respei'tivoly witli the forrnuhe 
and h'OMe, were not encountered on a repetition of 

<'<primeut'i with a larger quantity of material. In tlie folio wl?:; 
Uhlo a conifiarison is made of the amounts of methoxyl in iht 
pro<iurts from each succesaive treatment in one of the origim'. 

of ox]>enmenU descri!>ed in the former pa|>er (I) with 
in the prf/«lu<u at the corresponding stages in a newer series {Iff, 
tho il-t.iib of wiiirh are given in the experimental part of ttio 

cnfiiiuimii’atioM ■ 


I’ertvotage of methoxyl after 


runmilrntiMfi uf 
wjtlniiu hv in*xi<l‘’, 

Ifrt 

2nd 

3rd 

4th 

5th trmtiiKoit^ 

*1 I.' Is per lUO <‘.c. 

... 8-6 

ID 7 

23*3 

265 

2b6 

11. 17 

.... 6-.1 

11‘6 

140 

18*7 

20-7 


Tlio divergences I between the methoxyl contents at correspond 
ing stages in the two scries, due perhaps to the somewhat different 
criru*#'nt rations of the alkali and to the differences in the quantiiiw 
of maU>rial undergoing treatment, clearly indicate that the agrt*#* 
rnent. ptevionsly oI^tvrI between simple formul® and the compo.': 
tiou of the luethylatwl cellulose is fortuitous; a study of the pro 
ducU of the hydrolytic decomposition of metliylated cellulose poinU 
to the same conclusion. 

The yields at eaidi stage of series II in the foregoing tab!^ 
indicated that but little of the methylated cellulose had dissolved 
in the wash water, but, on repeating the process for a sixth time, 
u considerable quantity of material passed into solution. This may 
Th' of srxlmni hydroxide quoted in the original pajtcr arc approve 

lu it>' and refer ]»er 100 c.c. of solution. In the later exiwrimentH it' 

' onct'iiliahoiM !>iuo‘ juvt>rsf*dy d^derniined. 
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x*rfeip* ^ ^ ® much mor^ concentralfni dilution 

.f •tKlium hydroxide waa employed, BoUi portions of the product 
rom treatment — the part which remaine^i undiasolved 

^nd the part which dinolved — conUine<l approximately tlie same 
troportioo of methoxyl; it is therefore assumed, ineitutime. 
hroughout the following discussion, that both possessed the same 
^iUsUtuUoiL. 

The hydrolysis of the methylated cellulose was carritMl out on 
he undisBolved portion from tlie final treatment, which conUintnl 
iioufc 25 per cent, of methoxyl, and was effected by the use of 
^*;rv concentrated aqueous hydrochloric arid, according to the 
[tifihod employed by Willstatter and Zechmeister for the hydrolysis 
a cellulose (5ef., 1913, 46 , 2101). The process, which proved 
j jghly efficient, and was iniaccompanieil by any evidences of pro 
fuund decomposition, yielde<l a mixture of methylated )u'X<m‘s. 
tkitich were separated by the metho<ls describtHi in the ex ]'ierl mental 
A trimetlxyl hexoso was obtained in the crystalline stabs 
,ai<i there U little doubt that this compound is a true methylat^^d 
5 ;Uict»e, since it displays practically identical sfxvific rotation in 
all ordinary solvents, and this property, as already ptnnted out hy 
It vine and Hogg (this vol.. p, 13S6), is chars eteriaUc of the glucost^ 
configuration The various hydrolytic jirodiicls isolat<^l may thus 

classified as follows : 

(1) An amorphous monornethyl glucutx', ur jnixtnre of mono- 
methyl glucoses. 

(2) An amorphous dimethyl glucoiW‘, or mixture of ilimcthyl 
glucoses. 

(3) A crystalline trimethyl glucose. 

(4) A trace of crystalline matUr wliicli, in crywtallino form ami 
range of solubility, resembled Udramethyl glucose. 

No glucose was isolated, In it indications were obtained of its 
presence or of the practice of an uninethylated j>ro(luct. 

In considering the significanco of these produces of liydrolysis, 
it is legitimate at tliia stage to leave almost out of account the 
it^xssible occurrence of totranietiiyl glucose, since the trace of tliis 
Ml Stance suspect-ed to be present would have its prewmoe explaimxl 
l*y tlie assumption of even a very small degree of degradation 
<iuring the operations of methylation. At the same time, it is con 
'livable that tetramethyl glucose may be a normal hydrolysis pro 
'luct of methylated cellulose, and that its origin may l:>e traciMl t^i 
the existence in the cellulose complex of terminal glucoso re-sidues 
linked to the remainder of the molecule through tlie rfsluciug 
i^Toup. The possibility presents itself that cclliilow) may coiisisi. 
'‘Sf^eiitially of an open chain of condense^l glucose rcHiflucsi. 
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Although no very precise ^'mate can be made at present of it, 
relative quantities of the various prodacta of h^nlrolysis^ it U prry^, 
able that the ainounta of dimethyl and trimethjl glucoses 
nearly the same; the weight of trimethyl glucose separated in tbj 
crystalline form was approximately 10 per cent, of the weight «,f 
the tfurle [inxiuct of hydrolysis, and the presence of more teimethr 
glucose was recognised by conversion of the residual mixed sus/j*, 
into the corresponding methyiglucosides, which were fractionate: 
by distillation under diminished pressure. The comparative 
with which trimethyl gluctjse crystallises from that portion of tl* 
hydroly-iis prtvluct which possesses the solubilities characteristic 
a trimethyl glucose seems to indicate that only one trimethv' 
glucose is pre^icnt, and ifipr^fore that the cellulose molecule u 
symmetrica L On this luu.is, it Wfmld be expected that a melbylatoi 
cellulose which tiie forriiula (’^Hj,0^*0Me sliould yield r- 

hydrolysis monomethyl glucciso, and that alone; even witli .-r 
auftuming the Hymmctry of tijc collulo.sc molecule, it is probable tl.vt 
a mnnomethyl gluruv-- f>r mi.■^turo of monomethyl glucoses wnuM 
Im ohUsMi-d from a met iiylate^l collulose represented by the alK;v* 
fi»riuula A methylated icllulo^o of the formula 
would contain I'o I per cent, of methoxyl, which is approx i m a b iv 
the pcfi'iujUge in tin* .Hamplo of methylated cellulose hydrolysed -n 
thcMi exfH»rimcnf« ; it might therefore be expected, unless the link 
iiges of the giin n*>idues in tlie ctdlulose molecule are to a hi:.’!j 
»b‘gren miMMKfn'trn 'd. lluit if tiio methylation occurred uniforniiv 
with intormrtliiilo tormation of a definite compound, CgHjO^’OM-, 
Hjo in«'t hy 111 «‘d I'dluloMo, which contains about ‘J5 per cent, if 
oo'thoxyh shiitild yield on liydrolysis nearly equal quantities ik 
mojjonnt hvl and dimethyl glucose, and but little or none of x 
mor» highly mclhyUted sugar; siin® this is not in accordance witk 
the fact, it mii.Ht ho romduded, especially since there is an indie i 
ti(>n of tim I rcsciif'o of g!ucas*\ in the product of hydrolysis, that, 
liotwillistanduig the care taken in atleniptiug to ensure unifonii 
imjiregnatiori lU tin* cclluhtsic materia! with the solution of alkah 
and witli nii'tiivl sulphate, the methylation dhl not occur unifonnlv, 
and that the agiVviiieni briweeii siinjde formulae and the com]i*‘>; 
tton of tfie rnethyiatwl cellnlcist^ was accidental. 

The occiiriento nt a tiinietliyl glucose as essentially the ni';>* 
highly metlivhited glucose derived from methylated cellulose is of 
imjmrtanre, niniVi it is in harmony with the view Uiat the propnr 
tion of frw hydroxyl groups to every six carbon atoms of cellu!i>=.e 
IS three; the possilde otvnrrence, already referred to, of terminal 
glucose residm^^i containing four unsubstituted hydroxyl group> 
would, in the presumably large cellulose molecule, cause only i 
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increase in the ratio of hy<lroxv] groujis to carbon atoms. 
Jj has not yet been ascertained! whether the crystalline tri methyl 
gitjcose isolated is the only one present, nor has iU cmisUtution 
li^ren completely determined; it not form an osaione, a fact 
^hicb indicates the replacement by methoxyl of llm hvdroxvl 
v-roup adjacent to the reducing group. Leaving out uf considera- 
lion the dimethyl inethylglucosides, there are four possible 
tfimethyl glucMce, each of which may exist in the o and tlio 
$ form : 

.(,^•011 Cfl-Oli OHoll CllOH 

yH*0H / VH-OMe , TH-OMe , ■ Hl-uMe 

(|?H*0Me \ tj'H-UMe \ CM-OMo ^ \ (Si -01! 

9^ "911 yu yii 

OH*UMe yil-OMo ya*OH llLUMe 

CKj’OMe OJl/OH 0lf.,OMe CI!X)>I« 

i*) di.) {MI) {IVJ 


Ihe allocation of formula I to the trimethyl glucose tlerive^l 
[rum methylated cellulose is excluded, since a methylated glucose 
represented by this formula would bo able t<i form an osatono. 
The sugar of this constiUitiou has already been jirojianvl by Irvine 
iiitl Scott (f., 1913, 103, 564 ), and by Irvine and Macdonald 
• unjmblisiied result), anti differs in prcjjKTtica from that under 
discussion. A trimethyl glucoses of the constitution rejircsenUMl 
hy formula II has Wn prepared by Irvine and Dick (unpublisliwl). 
and likewise differs in properties from tliat derived from cellulose. 
Diere remain, tiiereforc, forjunhe III and IV, a discriniination 
hdween which has not yet been atlemptwl. 

Iho amorphous monomethyl and rliiiictlivl g!ucos(‘s were 
Mpamtod by conversion of the residual syrup, from which the, 
triuieiliyl glucose W'as extractc^l into a mixture uf nielbylglucosides, 
«hieh were separated by the action of solvents and by distillatifui. 
The meLhylglucosides w'ere tlien )iydrolysc«l. Xeillier of tho sugars 
■ippearsto be identical with methyl glucoHc.s already known. Doth 
brm osazones. It is very jjrobahle that each is a mixture, for, 
even on the assumption tliat only one trimethyl glucow* (counting 
the o- and 3'Iorm as one) can ha obtained! fnmi metliylaU-<l cellm 
iese, the poesibility occurs of tliree monortiethyl and three dimethyl 
rhicoses being liberated on hydrolysis as derivatives of the iii(?(un 
pietely methylated glucose residues of the cellulose molecule. 


Again, if the glucose residues in cellulose are not Hymmetric^illv 
‘inked, the liberation of more than one trimethyl glucose, and of a 
’ 01 roxpondingly greater number of monornetliyl and dimethyl 
chicoses, would be cxpccb(yl on hydrolysis of the metliylated cellu- 
k-fse. It is therefore not surprising that the ainorplioUH mono- 
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aiid dimethyl glocoeee, although they gaeo good analytic^ 
figarea, could net be obtained in the cry^Uine atate, for, on 
siixipl'^ a^jaumption, each may be a mixture of three or, countiji^ 
the a and $ forms separately, of six isomeric subetancee, and thri 
may be more complex mixtures 

It remains Uj notice the evidence for the occurrence of glu* v 
in the prrKluct of hydrolysis. That portion of Uie syrup obtain<y< 
‘>a hydrolysis which was least soluble in acetone dissolved readu 
and cofiiplcudy in methyl alcohol, so that it cannot have contain^: 
an up/neciable quantity of glucose, unless (as may have been tt* 
rajie; the vjI ability of any glucose present was greatly modified bt 
tlm presetice of otn^r suUUnces, One portion of this fracti^:, 
conUined about half the percentage of methoxyl that would U 
present in a niouomethyl glucose; this seemed to indicate 
presence of a dijwccharide, hut the results of molecuIarwri»j:‘ 
dt'U?rfui nations and tho {Hrrc'cntages of hydrogen and carbon (deUr 
min#vl in tho purifinl, l)Ut still apparently impure, sul^tanrc, ^ 
small quantity only of which was available) were not in agreenn-r:*. 
With Ihf^ f-Mifiponilion of Hucli a compound. From the correspon.i 
tng fraction derived from another portion of the same sample r; 
nmthylatcd cellulose, a Mib^Unce of approximately the san- 
rn»''tiHfxyl cont^uit as moiionicthyl glucose was separated. It 8**^?} ' 
probiihlc, tluTcforr, that the prrxluct of hydrolysis contained soui.- 
it(irY»m|jincd glucfis*:. These results are quoted at this stage as, ii; 
util rung Wiil.statter and Zcclmieiater's metho<l of hydrolysis, wv. 
have tiMi ignorerl the pussilnlity that, under the condeusin: 
tr;!btrnroof the concentrated acid used, a certain amount of aiit 
con Itoisjition may have taken placo in the liberated sugars, 

'I'ho research is being extended lu order to complete tlie methv; 
,itir,n ,,f nqiuhiso and to ascertain the constitution of the methylates; 
su-j irs fonmd mi hydrolysis, 

K X V 1-: ll 1 M K N T A r. 

I ho methylated cellulose whicli was siilijected to hydrolysis 
prepared l>y imprcgit n ing cotton wool (1 wjuivalent with 

a iviiution of Mali urn livdroxtdo (‘J moU,). and adding methv; 
sulphate in portions to tho mixture until the alkaline reaction div 
apfmared; tins required about one and adialf times tlie quantitv 
oi methyl MilpiiiiU. calculated to react with the sodium hydroxid# 
pr(>sent. Ihe mixture became w'arm during the reaction, and th»‘ 
methylated ctdlulose was then washed and dried. The product 
trom five similar consecutive treatments, in which the solution of 
so^imm hyilroxido employe<l conUine<l 17 grams per 100 c.c., wa. 
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BiuUy {wrtii treatment) ao»k«icl for a week under diminialied 
i® • more conoentrated aolution of sodium hydroxide 
^^ 3 grama in 100 c.c.), and then treated with sufhoieut methyl 
njiphate to destroy the alkaline reaction ; this required four times 
ealcalated quantity of methyl sulphate. In the table of 
[^uantiUtive details which follows, Uie initial weight in each case 
(except the first) is the quantity used of the proiluct from the 
immediately preceding treatment; the final w’eight is that of the 
irasfaed and dried product: 


§ 



, Arrf trtatmmt 103 grams of wikiI gavt< 101 gra»M> 

0-2023 gave 0 OHOJi Agl. OM.' I’S j-n « 
Second (rreUmnt 09-5 grnnis gavo OA graniH 

0-3130 gave 0-2719 Agl. OMr H AS p. r i-.-iit, 
fAird trratwent 92 gramsi gavi* Ktl grams. 

gave 0-3153 Agl. t)Me . Ct uS p.-r i .'nf, 
yottrih (reatmevt K3 grains gave 79 grauiH. 

0-3082 gave 0 4374 Agl. UMv IS 7-1 prr r.-r.l. 

, y(/U trecUmeni 74 grams gave 68 graiiiii. 

0-2719 gave 0-4258 Agl. UMr 20 09 in-r rmt. 
>Sijr^ trtLtlmmi : I'uncejUration of thi' (iLkiimn hvtlroxidv 
s^3S-3 grantH in 100 v.c. 

The methylu(mn waa ntrrieil nut mi tun 
aeparatc portions each of whieh waa tn'etid 
similarly : 05 gram* gave 45 0 grams. 

(i) 0-2274 gave 0-4U 1 Agl. -23-89 p-r c<*iil. 

0-1656 gave 0 29M6 CO ami 0 1 CM2 li t). 

C=^49-2U; H --7 04 prr'ikmt. 

(ii) 0-2315 gave 0 4550 Agl. OM»^ -25-97 ikt ivnt. 


The combiued filtrates and washings from tho sixtli treat nicnt 
urre neutralised and evsporAte<l on tho water bath; while tho 
v.lution remained dilute, a gelatinous 8ul)sUnco sejiarated from 
th» hot solution, but redissolved wlieu the solution i-oolpil. When 
the solution became more concentrated, part of ilto gelatinous pre- 
cipitate remained undissolved in the cold ‘udution, but r<Mii.s.solv{‘d 
wheu the salts present were removwi by wasjiiug with water. A 
<inmll portion was separaU*iI and aualysiMl : 

0 1884 gave 0-3370 Agl. OMe 23 0H |»et- ceiP. 


If 

Tho nietliylate<l cellnl<>s<i liydrolysed was tJie final prtjdin L rpun 
tuo above eperations, and contained 23‘89 — 25 97 jut emit, nf 
methoxyl. It gelatinised wlien addcfi at 0'^ to an aqueous s^ibitiun 
if hydrogen chloride wliich had been saturate^l at that (empora 
ture, and dissolved in a few hours, giving a nearly colon rle.s.s solii 
tioQ, which afterwards turned somewhat brown. Tho quaniitie+i 
‘ised in three experiments were: (1) 12 grams of mothy!at©<l coliu- 
and 260 c.c, of the solution of hydrocliloric acid; (2) 15 gram.'» 
'•'1 methylated celluit^ and 650 c.c. of hydrochloric acid; 
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(3) 15 grtm* of m«tliylat«a cdluJow and 780 c.c. of hjrdrocbkr , 
aetd. la mixture of metbjlated ceUuloo© aad hydt. 

tbloric acid was allowed to remain for five to aix hours at 0®, 
then for twrnty hours at the atmospheric temperature in a cloyr i 
ifmml A current of air was now drawn through the liquid u 
rewM.ve part of the h^rdrochloric acid, and the solution then dilui-i 
After polariiiictric olwervations had shown that no further cha-^- 
was ‘Hicurring, the bulk of the water and hydrochloric acid va? 
removal by dtstiliation under diminished prwsure; the residue 
diluted with water, neutralise^J with silver carbonate, and, att^rr 
filtration, shaken wiib animal charcoal to remove traces • 
colloidal silver Tlie filtered solution was concentrated uni^r 
diiiiini»he<i pressure, and yielded a nearly colourless syrup of 
exactly the same weight as the original material. 

This syrup was extracted first by boiling with ether, and 
by boiling rejteatedly with acetone. The ethereal extract contain* : 
ffierely a trace of diiisolvcd matter. The acetone extract contaiii*--; 
Lrimelhyl glucose, dimethyl glucose, and monomethyl glucose; ;; 
was from this fractiofi, aly>, tliat the trace of crystalline malt.-: 
su.spts twi to be tetramethyl glucose was separated. The resid i*'» 
from th« extraction with ether and acetone dissolved readily - 
mctfiyl alcohol; this fraction appeared to contain mononu-th-., 
gl«c<we, and possibly glucose. It should be pointed out that t! 
jMtIuhihties of thest^ sugars, or rather, perhaps, the ease with win ;, 
they are greatly modified when they occur together m > 

mt.xturc, Thus Inmetliyl glucose, which could not be extracic: 
by ether from tlm crude pffiduct of hydrolysis, was found to ihv 
solve quite readily in ether when it had been separated froiu ui- 
utluT sugars [irescnt in the acetone extract. 

Act tone /-Uf met. —The solution in acetone was concentrated, iori 
on cooling, part of the dissolved substance was precipitated. Th^ 
pri!HupitaU"<i syrup was again extracted with acetone, and by repeti- 
tions of tliese ojierations the portion most soluble in acetone w.u 
collected; it remained as a pale yellow, very viscous syrup wlte;; 
tim acetone was removed by distillation. A molecular-wcigiii 
deternunatiun by tlie cryo«copic method in water showed that :i 
consisted essentially of monosaccharides. 

OUTKt gram in 8'i)08 grams of water gave Af — 0'39°. M.^V 
1118. 

/ n methyl (j'luco.'^e . — This was separated from that part of tb« 
protluct of hydrolysis which was most soluble in acetone by addin; 
ether to its solution in acetone. This precipitated the bulk of tbe 
dissolved matter. The supernatant liquid was decanted, tb- 
solvents removed by distillation, and the residue was rediasolved is 
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Tlw wwoe cycle of operations was then re|>eated severai 
antil the fyinp left after diaUlUtion of the mixture and 
:hex cryfUllised on keeping. The crystals were drained on a 
5 ^,roua pUte, and after several recr)'sunUa lions from etiier, 
rimeibyi glacoee was obtained pure in neeille-shapeKi crystals, melt' 
at 110=’. (Found, C^4840; H==808; OMe-41 29. CJ1;A 
jt^uirea C=48’69 j H=817; OMe=.4r9d pr cent.) 

. The compound at this stage was essentially tlie a form. After 
j had been waahecl several iimea with ether it gave a maximum 
;ujtial rotation: 

0 1424 gram dissolved in 10 c.c. of acetone gave in a I dem. 

• ube: 

Initial rl-44 

Final i O-Sr 69'S2“ 

o Jb78 gram diwolved in 10 c.c. of methyl alcohol gave in a 
[ Urn. tube; 

a... 

IfliUal +2«8'’ 103 W 

Final fl-74" 67-4»" 

A.s the spontaneous changes were exceedingly slow, the c()nil' 
.>num values were obtained after caUlysia wilii a trace (d Mxliurtt 
;.v<lroxide. The readings were made at rooitj (emperntnre, 

Ihe /S-form has not been is^datedj it appears to be iriore t^idublc 
; ; t ther tlian the «-forni. 

The ethereal motlier lifjuors fioiii tbo crysUllisiilion of tbo 
utfuelhvl glucose were precipitateil wtlh light petroleum, tlio super- 
{iat-int liquid was decanto<l, afnl the soIvenU were removed from 
.* ?-v distillation. Ky reclLssolving the residue in ether and re pea t- 
irsi' tiio operations just descriWd, a trace of a crysUlline Hulislaiice 
obtained which was soluble in light petroleum, and had the 
. isiracteristic appearance of li'trameUjyl glucose. 

Ihmdhf/l (jlucosr nnd (Jfurnxf. Tlie nyruf) soluble 

>u .uclunc, from whicli Irirnethyi glucos<* had hren extracted, was 
buir;*-) worked up so as io M'[)ara(o I lie more sfilulde ])()rtion which, 
y w.i-« presmmvJ, would <r;ntaiM tin* bulk ui (he flimelbyl glucose, 
K - (Ii aims of tliis syt'Up weri* Siealed in a ^ aled (uIk* with HO e.e 

I : 4 n-*j5 jx;r cent, solution of liydrogen clilornle in inelhyl alcohol 
' r thirty-two hours, after which time the liquid no longer reduced 
rhiiugs solution. The solution of uiethylglucosides was (hen 
a luted with water, neutralised with silver carbonate, and fdtered ; 
racci of silver still present were removed by wanning the solution 
c-ntiy with animal charcoal. 5' 7 Grams of a viscid, oj>aque, pale 
“IW-K syrup were left behind wlien the water waa remove#! by 

voi . cv. ’ 7 V 
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.lUtilUuon uDder diminUi.^1 |.r.^r.. The sy^P **i”«*i 
«P«t«dly by boiUng with ether. Tl« m>d»e from extract. or 
(.Cl 2 gram.; wa. Vx.tle'l tor forty-five mn.ute. with 50 c.c of » 
I wr cent a'lueou. wlution of hydrogen chloride. The »liu,oe 
warihen neutrali«<i with iiilver carbonate, filtered, rfiaken wn.,. 
. harcoal and aga‘o idt«eil. After removal of the water, the re,; 
clue was estraclcd with acetone, which removed very liUle .su't. 
aatice, then with aUdute ethyl alcohol. The material extra, te. 
l,y ethvi alcohol was dried in a vacuum at 60®, when it formed 
hard Eiasa, which gave analytical figure, for monomethyl gluc,« 
(Poiiiid, .43 12; H, T'29; OMe = 17 09. CjH„0, ret)uire. 
C -43 21 ; H ■ '-'I , OMe - 15 99 [ler cent.) 

n 3027 gram diseolved in 10 c.c. of methyl alcohol gave in , 
1 dcm. tube On + 1'32®. whence [o]o 63-4“ 

The yellow, viscous liquid left behind when the ether was .i;, 
lllled from the ethereal extract obtained from the mixture if 
gluctsides was distilled under dimiiiLshed pressure. The first |,„r 
tion of the distillate (2 03 grams) was a colourlee., viscous liqi.i- 
(h. p. Ml .0 21 inni.). Its nietliox)'! content showed it to h,- . 
mixture of tnmethyl and iliinetliyl glucosides: 

0 1359 gave 0'4936 Agl. OMc~'1818. 

C,ll„Oj requiresOMe 11 90; <'isn.a,t\ requires OMc = .52 .'5 
per cettt. 


0 ^ lit 111 dlifwwilvtni in 10 c.c. of methyl alcohol gave in t 

1 firm tulir Oj, f l iiLl s whence [oji, 46'61^. 

The set! -in! fraction was, wlieii cold, a colourless, transparrnl 
gla.w (h, ji. l mm.). The methoxyl content sltowwl it t. 

he iiimfthvl nicthylglucoside. (Found, OMe -40*57. 
rtMiuirct OMr 41 liO per cent.) 

tl gram rli&wdved ill 10 c.c. of methyl alcohol gave in i 
l-tlrni, tulft* o„ • wiience (a]j, $0 il6^. 

Tlie remaimier of the s*‘cond fraction was hydrolysed hy boiin.; 
it for fifty minules with UK) c.c. of a 5 per cent, aqueous soluti- n 
of hvdrngtMi ciiloride. The soliititin was neutralised, with barimr. 
ciirlionAle, tiie tiitraio concentrated on the water-bath, ami tt* 
r^‘5ulue dried in a vacuum at Cl^' ami extracted with acetone; M -- 
ilissolved mil tc rial was dried in a vacuum, again at 60^, ami 
rxtracted with acetone. Afhiition of a small quantity of ciiv: 
preiipilate«l any liarium chloride still present. The drietl 
finally obtained was aiialvstxi, ami found to be dimethyl 
(Fouml, C’ 40f5; II *7*89; OMe-Sl-liU. Cyii^O,; requii-^ 
C If) 13 ; H 7 '7.') ; OMc ‘29'8! per cent.) 

0 31K>8 gram di:<^olve»l in 10 c.c. of meliiyl alcohol gave in a 
l-dcin. tulw* Op 2 f)5‘\ wlience |ajp ; 67*8". 
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Tb« reaidu® iu tlie tlisk afUr distillaiiou oi the dimetliyl- 
w*» a clear, brown glaes^ presumably monometljyl 
fuHbylglucoaida, but it has not yet been exainiimi. 

Uttdmolvfd by The exf>erijnental reauIU for 

portion aie given iu some detail, in order to iudioate llie 
grounds for the surmise tliat glurose is present. The residue dis 
^,]ved completely in raetliyl alouhol. except for a trace (d colour 
;»g matter In tlie case of one of the portions of nietlivlated ceilu 
; hydrolysed, etlier was addeti to the solution of tins resubie in 
j{.«*thyl alcohol; the precipitate, afu^r iiitving diied, was re 

i;sMplved iu methyl alcoliol and precijiitaled with .uclime. when it 
vtS’* obtained as a soft, amorptious materia!, which hiiMlcuivi wiien 
it iiad beeu washed several times witli Hcetone: 

0 1736 gave 0 2722 CO^ and 0 0988 ILO. C--42-77; II 6 37. 

0 1830 „ 0-2870 CO, „ O lOZr) h‘o, 0 - 4‘J 77 , H 6 57. 

0 2320 „ 0-1390 Agl. OMe-7 92. " 

The molecular weiglit was determined by the ebulliuik'ojiic 
ttietliotl iu ethyl alcohol and by the cryosoopic method in w^atcr: 

<t267fi tjram in 15(i2 grams of ethvl alcohol gave M l>'lb‘ 

M.\V.^~186. 

o577'J gram in 22 88 grams ..f water gave \f O lbV. I\1.\V. ■ 
267. 

A diaaccharide, would itMpjire C’ -13 80; I1 (;-7U ; 

itMe-. 871 percent. M.W. -35G. 

The suhstance was furtlier puriilefl Ity repeating several tone?* 
the solution iu methyl alwhol and precipitation with acetone. 
When dried in a vacuum at 40^ it became sliglitly brown, am! 
melted at 160 — 165®: 

'M256 gave 0-0501 Agl. OMe 5-27. 

'<1398 gram iu 7-99 grams of water gave Ae - 0-215®, MAV. 151-5. 

The residue insoluble in acetone from the liydrolysis of anotlier 
j>ortion of the same sample of metliylated cellulose was extracted 
repeatedly by boiling witli ethyl alcohol, and the extracU were 
-<rorked up so as to collect the part most soluble in etliyl alcohol. 
Tins was obtained finally as a wliite substance, whi<-h wpa rated 
from solution in ethyl alcoliol In what appeared to be a crysUlline 
powder; when this was examinwl under the high power of a 
microscope, however, it vs'as found to consist of minute, amorjjlioiH 
particles. The inethoxyl content pointed to its being monoinethyl 
glucose : 

'^1291 gave 0 1278 Agl. OMe 13 08. 

CjHj^Og requires OMe~15’98 jier rent. 

It thus appears that that portion of the product of, hydrolysis 

• 7 P 2 
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which u oeftxiy insoluble in acetone, bat lolaUe in mttiiyl alcob&i, 
and conUioj odj half the percenUge of methoi^I wfai^ would bi 
jireaenl in a moooineUiyl glucoae, yield* a fraction which approxi 
mate* in compotitioo to a monomethyl glucoae; the remainder 
be glucoae. 

The author* would record their appreciation of the int^eat she*-, 
ta thi* work by Frofeaaor Irvine. 

CaiaicAL Kukakck Laiohatokt, 

Us»friD LcLtxti* oi St, Salvato* axo Sr. Laoxaao, 

UxiriuuiTY UP Sr. Axoaawp. 


b'OXX. — J Vhm of Sails which Conlain tivo Soh ut^ 
of VryMaUisatioii. 

By Jauzs BaNrsi Mabsh. 

Masv hulogeii ftaltjs, which individually are very sparingly solid;!- 
Hi organic solvcnU, readily dissolve when two are mixed together 
thereby forming a double salt. One of the two is an alkali ir 
alkaline earth salt, and tiie other the salt of a heavy metal. T'm- 
dpfilie* especially to tlic ioilidea, less to the bromides, and still 
to the chlorides. The organic solvents in question belong to th^ 
following tyjjes; alcohols, ethers, esters, ketones, and aldehyrlfT* 
Thus poUssiuiu morcuri'ioflide, Kl,lIgL, is readily soluble in alt^ 
hoi, etiior, elliyl aceUte, acetone, a!<lehyde, metliylal and other;' 
although tho solubility of potassium iodide and mercuric iodiat 
st^paratcly is very slight. Frequently such double salts crystallis;? 
with the solvent. Thus we have a series of alkali- metal silver iodides 
with acetono of crystallisation, ammonium mercuri bromide wit:, 
ethyl ether, })otaa»ium mercuri iodide with campiior, and ruhidlun; 
mercuri i(xiide witli metliylal of LTystalUsation, In aonie cases, if it*.' 
Bolvent contiuiis water or if water is added to the solvent, a hydr.iiei 
salt crysUllises from the organic solvent. Examples of salts of tlu? 
type are lieachbeil below, 

Fotivssium iodide and mercuric iodide in equal molecular proj^t*: 
tions dissolve in hot methyl carbonate, and, on cooling, a s.V;t 
crystallises out. The addition of one molecular proportion ci 
water to one of the salt greatly increases the solubility of ih*? 
latter, and the compound KHgl^HjOjSMe^CX)^ crystallises out oi 
fooling. If more than one niolecular proportion of water isadde-i 
the salt w[iioh jieparates is not altered in com[>ositiou. As mu:; 
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M ten m«>I«coUr proportionB irf water to one of the salt have been 
Tb« whole diaeolveg in hot carbonate, although water 

alone i» appreciably solnble in this solvent On cooling both 
the salt crystaUiiee, and the excess of water separates as an 
aqueous solution. When a largo excess of water is taken, the salt 
wiiit-h separates is liable to be mixed with a liule mercuric icHlide, 
■j'his is prevented by taking sufficient potassium iodide in excess 
JO saturate the water which separates in the cold. The salt 
K Hgl5,HsO,3Me5COj is also proiluced by crystallising the hydrates! 
u’t KHglij^O from methyl carbonate. When the hydrated salt 
iS brought into contact with methyl carbonate, the clear, yellow 
.rvstals immediately begin to disintegrate, an{l form a nearly 
ioiuurless, bulky precipitate, which dissolves very readily on warm- 
ini:. and the new salt then crystallises out. The salt prepared in 
fioth ways was analysed by determining the loss of weiglit when 
i!4»at«l in a current of dry air. Tlio water given off was also foninl 
bv aliaorption with calcium cldoride, and the |H)tasainin iodide, 
after ignition at a low temperature, was weighe<b 

Konnd, HjO+ Me.,CO, 31 43, 31 37, 31 Ofi; U,0-2 |4. 

Kilgls,H20,3Me2063 requires H.O } Me 31711 ; H.O I 
per cent. 

The dried salt gave KI== 26*75; KIIgTj requires KT ilil 77 per 
'ent. 

The salt begins to lose methyl carbonate on exposure to the air 
at the ordinary temperature. It is difficult, therefore, to guard 
jjjainst a slight loss of methyl carbonate during the manipulation 
ri the crystals before weighing. It <loes not lose the whole of tlie 
carbonate even when heater! for sf>rne time at lOO'-’, but Hlill 
plains one molecule. In order bo remove the wliole of tlio metliyl 
rarl^onate and the water, the salt was heated to about UUP. 

The ammonium salt was prepared in a similar way. Ammonium 
and mercuric iodide in molecular proportions dissolve 
»paringly in methyl carbonate, ljut on tiic addition of one mule' 
lidar proportion of water, solution takes place readily, and tlie 
wit, N H4Hgl3,H20,2Me2C03, crystallises on cooling. This salt also 
rtHoresces on exposure to air. 

Kound, Hj0 + M62C05^24'77; H 20==2 27. 

^ ^^|f^Kfj»H20,2Me3C0g requires ILO + 24 86 ; IMJ - 2 26 

per cent. 

I The ri/6»^tum salt, RbHgl3,H20,2Me2C03, was found to be too 
hjfUuble to dissolve in any moderate amount of the solvent. It 
obtained as a crystalline powder by adding the well-crystal 
salt RbHgljjH^O to methyl carbonate. It loses tlio whfdo 
>f its w'ater and methyl carbonate at about 100*^. 
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1? 1 H O . = 21-86; H.O^S OO. 

Kt,|jg^ iLO/iMUO, requires EUO ^ Me^CX),- 22-91 ; HjO = 2(i 
” " per cent. 

The Modtum wit waa found to be so soluble did jw? 

irv»Utlli*e utiti! the whole solution set to a solid crysUllme, yeu i 
' By taking the theoretical amounU of sodium lod;-. 
,n.rruric ir.iide, and water, the quantity of methyl carbonate r. 
.t,ire.l to f.-rm the dry, cry'stalline mass was deUrmmed. 
lanlities used were: H/^iiuin iorlide. 2*505 grams; mercuric lod^i. 
r^Cij gram.; water, 0 29C gram; an<l methyl carbonaU, 1 a^i: 
gram./ Although no great accuracy is claime<l, the result agr^ 

with the joriutila Na 

o4ide and silver ioJide .lissolve in warm iuh-. 
..rUuiale in tl.e pr^^ortion Xal to 2AgI. If less silver hwi., 
IS taken, .nine »i the ««>diuin iwiide remains undissolved. W-v 
HutXu-irnl rnetlivl i arle*nate, the solution separates into two hu>r. 
Tile lower layer rontains nearly the whole of the salts, the itp;-- 
Uver only a trace. On c ooling, the lower layer solidifies to a u,.... 
of' rrvstaN Tim addition of water causes liquefaction and 
aiuhnution in vnlnme of the lower layer. Further addition 
wat*‘r i.ringH aixuit. a fresli >U'[>aratioa of crystals. When sodiu- 
irMlide anffMlver iwlide aro mixed with methyl carbonate 3r:i 
water IS added, tiie salts ilissoive in wpii molecular pro^rtions, ar;: 
in these proportions the l>est crystallisation is obtained. Wi;^- 
prepared * in tiiis wav, tiie crystals liave the composit: • 
\aI.Agl;jIldh2Me.aK, 

Kontid. Mo.CO^ rh) a, lip- G-1. 

Na l,AgI .2 i I i >.2M(‘.(X), rtKpiirea MeX’D^ - 29 9 ; HX G n 
per cent. 

Til.- .Iii.-I sill Ael S'-;--’; Niil.Agl requires Agl « 

p<T cent. 

Tlie >aU Wins prepared in a similar way, and obtur,": 

in nearly culonrlc.ss crystals of the formula KIjAgljHXjMeXO 
Found, MeXIV, IT'TT; Up-3-t3. 

KI.AgldFO.MeXtX requires ^-17-68; HX = 3-54 per <r ■ 

The dried gave AgT-roS -l; KI,AgI requires Agl=^58-a i-' 
cent. 

I wish to acknowledge tlic lielp of a grant from the Royal Sccif. 
towards the expenses of this wrork. 


i’.ivirRjin T CuRwtrii, LASoK..Tor.v. 
tiXFORp. 
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Interaction of Alkali Alkyl Sulphates and 
Alkali Nitrites: Theories of the Formation of 
A I iphatic Nilw-eomimi nds 

By Panchanon Neoci. 

Kiv and Ndogi 1906, 89 , 1900) have shown that nitroeUiaue 
^nd ethyl nitrit® are both produced by the interaction of alkali 
ml rites and alkali salts of ethylsulphnric acid. On account of the 
uicoretical importance of the general reaction of the formation of 
ihphaUc nitro-couipounds from alkali nitritoe a systematic study 
ol the reaction with respect to other alkyleulphuric acids hae been 
•jtiderlaken. The results show that the reaction is quite a general 
,,,ne, and this reopens the general question of tl\e median isrn of the 
formation of aliphatic nitrites and iiilro-oom pounds. Until lately 
it was known that aliphatic nitro^coinpounds are only produced by 
I he interaction of silver nitrite ami alkyl iodides. Ray and Neogi 
, 1907, 23 , 246), however, have shown that nitritee and nitro- 
(Otnpouiids are both produced by tlie interaction of alkyl iodides 
And mercurous nitrite. It is now shown that nitro-coinpounds may 
lx‘ prepared by the action of alkali nitrites as well. 

Tho formation of aliphatic nitrites and nitro-comjioundB is thus 
analogous to tho formation of cyanides and im-yanidee by the 
reaction of silver cyanide with alkyl iodide, and of alkali cyanides 
with the alkali salts of alkylsulphnric adds. In view of this 
analogy, the applicability of the theories advanced in the case of 
cyanides and wocyanidea may bo discussed with advantage in con- 
nexion with the formation of nilriUs and iiitro-corn pounds. 

(/i) jTojx/omcrwm.- -T.<aar’8 idea of tautomerisin seems to be 
scarcely applicable to nitrites and nitrocompounds. In tho first 
place, it is indlepu table that nitrous .acid has the constitution 
HO' NO ae aqueous solutions of nitrons acid with alcohols yield 
nitrites only and not nitro-compounds. It therefore follows that 
alkali nitrites and silver nitrite, fonned by the action of tbe 
corresjMjnding hydroxides on tho acid, cannot possess both hydr- 
oxyl ic and nitro-constitutions, although Reynolds without assigning 
any particular reason is disposed to think tliat “isomeric metallic 
nitrites of both types exist which are also tautomeric in a marked 
degree'’ (T.. 1903, 83 , 643). As regards silver nitrite, Divers (T., 
1883, 43 , 455; 1885, 47 , 205) was of the opinion that it has a 
nitro-constitutiou, whilst Ray and GanguH (P., 1905, 21, 278) 
attempted to show that there are two varieties of silver nitrite, 
one obtained by precipitation and the other by careful recrystal- 
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liiAttoft oi tb® prc^pitatfd nitnl^- Tb® AotixM^ htSi bow^v^f 
found that both variffti« yi«W ibe »ine pn^rtion of aUphati^ 
nitr<xompoumla when reacting with ethyl iodido, and agreea witj; 
Oiven (K, 1905, 21, 281), who maintained that the diifereucv 
Utween the two U merely a physical one. With respect to me; 
curous nitrite Ray and Sen (T., 1903, 83, 491) think, owing to th* 
formation of mercuric oxide in the products of the decompoaitior; 
by heat, that “the atoms in some of the molecules of the nitrii. 
arrange themselves as Hg'NO^, the non-oxylic form, and in othe^ 
awmme the oxylie form UgO’NO, scission taking place in eac 
case at the indicated point” , It is inconceivable, howevw, tha* 
such a hfavy aU)m as that of mercury would owillate betwe^ 
nitrogen and oxygen in the manner suggested by RAy and S^r; 
Moreover, the very idea of silver, mercurous, or alkali nitrites bein. 
tautomerised runs counter to Laar's hypothesis, which is based i,‘- 
the ntobility of I fit- light hydrogen atom, and Wade (T., 1902, 81 
Kv07) well puta it in the case of silver cyanide when he says in 
exteiiHioii to the heavy silver atom is not justified dynamicaliv 
an atom cannot vitirate in a stable condition around a group 
om^fourth of iU mass.” 

A mcKlified form of tautomeric explanation has been offered hv 
Hiiv and Neogi (T., IDOfi, 89, 1905), who remark that “the mor- 
rorrwt view wuulti steem to lie that it ie only during the substitt; 
tion of the atom of the metal by the alkyl radicle that a tautomtri' 
rhang« takes place.” This argument sounds plausible, although ju 
tliit case also the comparative immobility of heavy higher alk.' 
radicifss has not \m’n considered, and a still greater objection ari^*- 
frorn the fact that when snljstitution takes place Iwtween the alkv 
radicle and hydrogen in the interaction of alcohols and nitron 
acid, no tatilonteric change lakes place, as only nitrites are forme<i 
and no nitrocompound. U seems, therefore, that some explain 
tion other than tautomeric change would be more suitable. 

(6) /niittfnr Cniireriion. — Following Gautier’s hypothesi^ 
(Compf. rrml , I8G7, 66, *168) of the possibility of isomeric con 
version of cyanides and ofocyanides, the isomeric conversion ot 
nitrites into nitrocompounds at a higher temperature may li** 
advanced as a possible liypothesis. The nitrite, of TOuree, i> 
formed by direct interchange as the inorganic nitrites po^ss oxviic 
constitution, and, at a higher temperature, becomes partly con- 
verte<l into the nitro-compound. This hypothesis has the merit of 
simplicity, and ns the conversion would take place at a higl^r 
temperature it also explains why in the case of nitrous acid only 
the nitrite is obtained. The reaction between silver or mercurou> 
nitrite and alkyl iodidee takes place at 100®, and that between 
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and alkyl nilphatea at higher tamperaturna. Moreorer, 
reaction in all casea takes several houn for completion, during 
»rbieh tiros the nitrite may slowly be converted into Uie nitiO' 
rompound until an equilibrium is reached, although it is difSeult 
to explain how methyl and ethyl nitrites, which are gaseous at tlie 
f.; binary temperature, would be capable of such ieoineric conversion. 
Ift any casSf experimental evidence of the conversion of nitrites 
jfjio r.itro-com pounds is lacking, and until such evidence is forth* 
rjmin? would be difficult to say definitiely whether the hypo 
lh<eis of isomeric conversion would explain tho formation of nitro- 
rom pounds m all cases. 

(Cl AMiivt Hypothesit . — Nef (Ahmilen, 1892, 270 , 329) intro 
(jured the idea of intermediate additive compounds in the case of 
[ v^iHides and isocyanides, which has been accepte<l and inoiliried by 
W.de (T., 1902, 81, 15 96). The formation of nitTCHX)mpouiKU 
{,> tv iilso be readily explained on the additive hypothesis in the 
f,,l)tjwing manner, the nitrito being forme<l by direct interchange. 
It) Silver nitrite and alkyl iodides, 

AgO-NIO + EtI - AgO-NEt Ol - OINEtlO AgT, 
Mercurous' nitrite behaves in a similar manner with ethyl iodide, 
ni) Alkali salts of alkylsulphiiric acids and alkali nitrites: 

K0-N:0 + EfcKSO^ - K0*NEt*0-KSO^ =: OINEtIO + K.SO,, 

The 'NIO group behaves in nitrites as IN*0’, the alkyl group 
attaching itself to one of tho free bonds of the nitrogen atom, and 
ihc rest of the molecule attaching itself to the oxygen. Silver and 
icwiine, mercury and iodine, and potassium and Die group KSO^ 
Ming contiguous to each other naturally com!)ine with each otJier 
hfui separate out- Experimental evidence, liowever, in this rase 
is lacking, as no such intermediate compounds have been 
^ tually isolated. 

ExrKRIMENTAL. 

With regard to tho reaction between alkali nitrites and alkali 
Mlts of alkylsulphuric acids the following general facta should be 
t‘M^d in connexion with the experimental resuIU: 

(U The reaction takes place only during fusion, there being no 
r<Mdion if fusion does not occur. During fusion much alcohol i« 
{Toduced, and the reaction may be considered to take place in the 
| T-f^nce of the corresponding alcoholic medium. 

(l!) A few drops of water, when added, help the reaction by lower- 
ing the temperature at which the reaction begins, although the 
k'.Dd smaller. The reaction evidently takea place in some liquid 
Fi<‘nstruum, and seems to be ionic in nature. 

(3) Nitric oxide is given off in all the reactiona, and is due to the 
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setion o( fr« sulphuric acid, obuined by Ui« partiJ hydroly^ 
nf the salta of alkyUulpburic acids, on th« alkab nitriUs. 
potassium sail of auivUulpburic acid is the least sUble of li, 
mlassium salu, and the yield of amyl nitrite is coni^uently ti, 
Itnallesl, the yield of nitrite diminishing as the series is ascended 
The apparatus employed in the case of the salto of methyisi. 
phurie a. id * was slichtlv different from what was used in t;. 
!•,.« of the salts of eliiylsulphuric acid (Ray and Neogi, T., 

89 llFKli The niiature was contained in a round-bottomed 
uit'h a short neck (in.t.-a.l of a glass retort), provided with ,, 

iWilli Hlktsnl'.A llHt'SBAS Adhicary.] 

YWd Yiftld T«mperatuto Oii 
of nitro- of (kt which oi. 


,\lkyl 



compounds- 

nitrite 

reaeikm taineil 

stulfihatsy. 

(irafrui. Nunto * 

(Jrarn't, flronw- 

Uranw. 

commences, flrai;., 


riit.wuiiiuii 

*>4 

2 2 - 2 di 
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110* 
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{ucthyl. . 

, 2tt Sodiuifi 

2ft 

2-0 2-2 

OdV 07 

1U5* 

.SAxJiunt * - 

iiirithyl. 

, 26 ItnriLffii 

<hydrnt**il) 

20 

1-2 



.S^riliurn - 

nirthyl . 

, 26 C'alciurn 

(hydratod) 

16 

1-0 

0^0 


|h;tas»atuiu _ _ 

mrilhylt. 

39 S<Kliufii 

20 

2 4 

0-ft 

utr 

rotftfwiutn 

molhyl.. 

. 30 rotnaiiuiii 

24 

14 

0-6 

ii(r 

rutAietium 

mi'thyi, . 

30 Mariurn 
ihydnitril) 

20 

1-0 

0*7 

80-85'' 

rolfwaiuftt 

nmthyl.. 

30 i'alriitirn 
{hydrat4'd) 

td 

11 

06 


* Wt.vt, 

tia- A|>Jhif.,tll<t 

i (list 

onrnTTfil a .htrong txhmr of methylainiiif 


oUrrts.i lu ihf issHMv wli: 'll iunUittly U\i\m\ rt'd Utmus blue. The fortiii* 1 
tif tjirtLvi.iu.it.v iv«t 'hi ;<■ ill - vailUl rt'tiuciioti of nitromfthanc ly :' 

]^iota.a.Hni{h mutlf, will 1| vt.iw uina.lv ) Tt'Ai-m in t-xt'csti. The gM *l!» <‘Oiita i- 
diiiin.tnu, !i Wdil-l U lift. [■> th.A .l.rtiiniostlirtiior Hv tUo-xv laHi itift forino.H y - 
retlut irf int th\i i.itfhc hy tiifiiH ul ijitrite. The 

imiitotii&rdl riJi'Miii! U ill ihf ' n.'ts' t>! nil iht* tiit'ihyl oonnwmntls i» renurical'.' . »■ 
the f..rp*iw.ittliiii^ inutifs wt if t, ! furiiifHl in tlie tait' of the higher incmi'ere nf ’ ’ 
i#nr*. It is, r<, 1 .,- n.at W,,.ls. (T., tyOJ, 81 . Ih 96 } also ohiaincl the o.ri ' 

I itnihng tnnu' « itj th, ti"ii ot .ilkali cyiuitlcs ami the alkali sal U of i s.* 

su!|thiinr: if'rU 

t s t’ hitfo toiii|' ‘iwrit alniut I'ont. of ll,e theoretical. No liti’.n - 

hij{her tu nil tig jwunt stw in thf r.isr of the ethyl com|*<Aimtl. 

' Kanflt r diiti r.itnrr.vo' f lyOJ, 22 , ■ 192 ) and Walden {Brr , 1 ^:. 40 

, 1214 ) l.ATc pre j>arc 1 iiitiii-t'oniftoumla hy the interaflion of methyl 

and a Aolution id (^ota'jinm liStrit*-, 
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Grain*. Nitrita. Grams, O'ranw. 

tVtaHaum 


IVtaauiun 

ribyl 


Yield Yield Temperature Oil 
o{ liitro' of at whir^ ob* 

compoutuia. lutnte. roaetion taiuod. 

Gta«\s. CH^mmenooa. Grarat. 


p.iUjMaviin 

j.n>pylV.. 

tdjaium 
[irupyl .•■ 


PiA4H*ium 


pMtaesmin 

■v-butyl.. 

PdUuMtum 
i butyl . 

Tuussium 


S t amyl, 
t'otoasium 


Potaasium 

!«(/amyl. 


U Caleiura 1$ 
(hyd^at^d) 

0“*— 10 

O-l 0-2 

85 -00* 

45 Barium SO 
(hydrated) 

0-8 10 

0‘2 

85 WP' 

35 Sodium 14 

20 

(127 - ur) 

0-5 

00-’ 

35 (^}U»{iuin 15 

2-2 

(127 " 130“) 

0 0 

IKr 

20 Barium 13 
( hydrate ) 
Calcium 10 
(bydniU*d) 

I" 

0-5 0-8 

120“ 

20 S<>diiim 9 

2 6 

(135-145“} 

0-4 

(b.-low 76“) 

135 140^ 

20 PotaaRltim 1 1 

2-8 

0 5 

J35 140“ 

20 Barium 13 
{hydrattni) 

0-8 

- 

m* 

20 Calcium 9 

(hydrated) 

0 4 


130 

20 Sodium 0 2-5 

(160 165'’) 

OD 

(Im'Iow 100') 

130 135“ 

20 Potaasium 1 1 

2-7 

0-8 

130 -135 

20 Barium 1 1 

(hydrated) 

2*2 

0-4 

130“ 

20 

2-3 

0 4 


ubLaiticd Ihf ilHtiliui i'tli of 1 

In- 111 

lln- F asit of 


4-7 

3“.’i 

i-'l 

L7 

09 

4d 

43 

4-6 


stjbuiyl, anil /wiiuy! tom|KHiinls cwiitihis of si iiiixlnn of ilsi> iiiltilu 

xii4 uitcu componiij, with kiiia!! (juiiiliiiiH of tho nlcottnl. 

It liiOicult tu lii'lataU; tiioni, arifi tlie :tio only a])iii nKiiiiiiti'. 

t Tiie Oil ubtaidPil in tlt«j (:ih«‘ of A<olitttyl, v iiinyl i'Otii]>ontMlH, 

? onUini a good deal oi corre^[M)n ting tth:oli(il. 


Upright condenser. The flask was imniereed m an oil-bath in8tea<i 
of a glycerol-bath. The reaction was conducted in a current of 
carbon dioxide, and methyl nitrite was absorbed in 90 per cent, 
alcohol contained m three or four Muencke’s bottles immersed in 
ice-cold water. When the reaction was over, the liquid in the flask 
was distilled under diminished pressure ae long sa any oil paJteed 
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cm, and the oily layor was separated, washe^ and T, 

the case of the salto of the higher snlphunc adds, the mixfcnre -*i, 
•impir heated in an oil bath in a fUsk with an upright conden^r 
and dwtiiiation was effected under the ordinary prasaara up ti 
oiVr Th*' nitrite was estimated in alcoholic solution accordini 
to the rncthrxl of the HriUsh Pharmacopoeia, and mtroH»mpoun*H 
were further rccognircd by their characteristic reaction with alcr. 
holic sodium hydroxide, when they 9oU4ified rn mn«r owing to tU 
f(«rmaliofi of their so/lium f:om|)Ound8, 

Kahhahj RAfOfAHi, Hkxiju, Isnu. 


TijXXlL !)rnm(ires of oiiho^Vuiiinin.^ 

By WiJ f [AM Hkskv PKtsKiN, jun., and Robkrt Robinson 

th»* (heitd^lrv of v.inilUn and piperonal lias been \\..- 
iiubjert of exteiifkii inv^>(i«atio», largely on account of the roady 
arcessibilitv of thesw* suhstaiices, t hat of o vanillin (T) .u ! 

•> veratraldcitytle (II) 

OMo <'>Mo 

OK ^N()Mb 

{•HO /CUO 

a.. {K.) 

t.A rofn]»iirativt‘t V hit It* knoun, and it was partly with the view '! 
Itlling this gap and partly with definite synthetical aims that lii- 
ex|>eriments dvwTthod in the present communication were in<t- 
tute<l. Tlio following pages contain an account of the benzoic ari,i. 
lienT-vl alcohol, cinnamic acid, phenylpropionic acid, hydrindois^ 
and other si tuple derivatives of the o-veratric series, and these we 
omhI not (iiscujw in this ititrodnction, since they were all prepare.! 
by well known methods. 

o V cratr.iMclivdc c(nidcns4:‘s witli etliyl cyanoacetato in tie' 
presence of piperidine, with the formation of ethyl a-cya;»o-‘J : 
fiimrthoxynnnnniitte (HI), ami this is couvert-ed by the action of 
sulphuric arid into efhi/l "2 i!»tno-S weiko;Tt/coumarin-3carboji/h!0 
(IV), a reaction which involves the hydrolysia of a benzenoi-1 

• Much of tlur otjK'nni, nta! w>.rk .Icscnlwwl in Uiis aii4 the two following 
WM carried out in llio l-ilioriitorica of Maucbpstci University daring 1910— IM 
In Botue reB|H"tx ih>‘ ii)ve^tigatioris ;ut' not ho complete a.s was intended, but as l! ' i* 
it no liuin^lUte pT.v<j«ri of the l heing taken up again, it was though t'* 
publish lh« r Wilts in .t irir somewhat jneompkte form fW. IL P. ; IL R.)- 
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C^r-shoxy group under very simple condiUons, Mid the nature of the 
pTiHiuct seem* to be proved by the fact that, on ijydroiysis, it yields 
fi ..^ffi!M>jcyeott»wni»-3'Car6oxy/ic «c«/, the dhyl wter of which {X) 
also produced when o^vanilUn is condensed with etliy! nialonate 


in the presence of piperidine (p. 

2382) : 

UtO 


MtO i) 

/'^OMe 



/CH:t (CN)CO,Kt 



Cil 

(HI.) 


dV.) 



1 

.\ 1«0 

90 , Kt 

OH, 

CX),Et 

MeO t) 

.^/CHO 

- Y ' 



cu 



■V.) 


Tins reaction is soitiewliat aiuiilar to anolitoi case of the eUiuiii*i> 
.nti of a luethoxy group whiclt lias lK>en ohserveii during tlio course 
I this research. 2 -o- T cm tryUdeitr^b i 6 -<li m t i h ojy 1 - ht/Jn lulo n r 
iVi, p. 2385 ) is obtained by condensing o-veralraldeliydo witli 
) tl (liinetboxyhydrindone in the presence of alkali, and this snl)' 
laiioe dissolves in sulpliuric acid a brick red solution wliicli 
jiUius the sulphate (VII), since it is deco m posed by water with 
--[•aration of the original unsatiiraled ketone. Wlien, however, 
rtd Boiutioa is allowed to remain, it soon l.Hronies orange, and 
r w lontains the anhydro- 8 ul})UaU of the jiyraiiul biiia^ (VUl), a 
Jiiiiige which involves the elimination of a l*eiizenoiil methoxy- 


.fOUp. 


Met) 


<)Me 








list), 

OMe 


C CH, 


/ c\i^- 

(VI.) (VII : r. 

MeO U 

\ y/ CHj 


(VllI ; orange.} 


U will he seen that the o quinonoid arrangenient of Ihe itjU'r- 
iC'iiaiesalt furnishes an explanation for the sub.'jeqnent hydrolyhis 
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of the methoity-grcmp, aud it do«o not atem improbable thiil * 
iimiUr aewimption foay account for the other example of 
proeene. In ihtf caae, the course of the reaction may be rep.* 
ionted by the following expre»ion», of which the additive pro^lu.* 
of methyl hydrogen sulphate (IX) and the o^juinone (X) are th* 
i liter me#iiate itagea : 


(;H:C(CN/CO,Kt 

Mil./ 


,OMe 

c;:nh 


(IMI 

1 1 

t’-co Kt 




When ‘2i>iii(nilyI*firiif<):^-dunr(httj:t/‘\-hi/dri7iflonc (p. 2385 1 . 
treated witlt hydrog»‘n chloride, it yields orange orystaU of 
pyranoi anhydrochlunda corresponding with YIH, and ti 
(tfJt r/df<rfrrr%rhlun(Ie, 

FtCL 


C’CH, 


is H hriek red, i rysulliiio suhsUnce. A condensation of ihU r« >'. 
from the i>f view of tlie synthesis of certain alkaloids is th.: 

which takes place wiien o-veratraldehydo is heated with ajiiir;' 
acetal, resllUmg in the formation of ‘2 : ^■iliinrthoTi/beuzylttlf .' 
timinofU f^tnl, and tiiis is converted into 6: 7'dimethoxyiroquinolii.' 
by saturating tlie sr)hition in 72 per cent, sulphuric acid wir 
hy<Irogett chloride at 0^ (p. 2382). 

Me< J MeO 

MoO t'H:N(’n,/(’M(OKt)3 — ^ 

O'VeratraliJeliViie al.io condenses with glycine ester (p. 2383 1. l>u‘ 
we were unable to convert the rthf/l 2 : 3*</i»«rfAoTyA/‘nrvh</^ ' ^ 
iiminoitcftiitr^ C\H 3 < 0 Me)*Cn:N'CH._.'C 02 Et, into the correspon; 
ing Moquinoline derivative, 

A synthesis licniipinic acid was accoinpiished by convert 
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I 54 iaj^oxy’l"faf*irindoije into the oximino4erivative (p. 2389)* 
fld tiieo Uiis in alkaline solution with permanganate, 

M <0 Met) 


Anoth«* matter of general interest aristas from the stiuly of tlie 
liiralion of o-veratraldehyde. It will be seen that the positions 
( and formula for this aldehyde are synunetrioally placeii 

inth r^ard to tho methoxy groups, and it might therefore have 
;^o iupposed that the aldehyde group would exercise* the usual 
lirtctive influence to the m poaitioJi, and that tlie hydrogen atoju 
11 th» position 6 would be replaceii by the nitro grotip. 


MeO 

MeO/\^HO 

\/" 


b 


MeO 

MpO M:H(t . 


\ 


NO, 


As a matter of fact, the prcxhiet consisU, apparently, entirely of 
/niitro-aldehyde, and we were unable to detect the prfwiice 
[»ven of traces of an isomeride. The ortho- piMii Lion uf tlie nitro 
^roup was proved by the production of tftromrthoj^in4t<i<ititi by 
Jie condensation of the nitrated aldehyde with acetone in Uie 
pretence of aqueous alkali (p. '2390).* 

MeO MeO OMe 

MeO'^^CHO CO Co— " OMc, 

/NO, t--V 

Nil Nil 


The probable explanation of this uncx{)ccted formation <d the 
' nitro-aldehyde seems to be that, the m’gative aldehyde group 
aputralises the directive power of the methoxy gnoip adjacent to 
;t, the second metljoxy-group then (Ure<tH the sul>stitiition b) tlie 
pAra-position. 

On oxidation, this aldehyde yields a nilroacid which, from its 

* All intej<mting niflhol uf foiaiaiiuii <»f iij.lir.ntMi il'^^-tf, wlii'li lUiV ti* 
idled h«re (compare Kti>;. Tat Itjl"! uf ruUHsU in di-Milvidu --iiilro. 

‘«r!;|j»ylac«lic tcitl {Neeilham aiel I'.rkin, 'I',, U*04, 85, Sf)4) in twu parts l»y w' 1 ^) 1 1 
f |<{a»aium hydroxide and fifty part it of uat<r ami adding a Hulntiun (jf iwij pitfit* 
f drxtrox* in ten of water. If tliis solution grridualiy wanned lu.^O an-1 inaiii- 
:*itie.l at thia temperature for tell ininutt «. indi^ulin sepaiatea appatuiitly in ahmiist 
i'Jifititative yield (W. II. I’,). 

t’-H/CO 

2 ] ! t -IH " I ^ I ! f 2 ( 0 , . 4 H/,) 

• MI «' CM! 
i..oB)|ar« Duff, this Vol., p. 2182). 
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auAhod oi fomution, cAn only b® 6-iiitro-2 : 3-diiiieUio*ybera. .< 
Add, ®mi Uu*r aJter very carelul purification, routed »i 179°. ai.i 
geve ft meliiyl e^Ur melting at 81® Wegtcheider and 

1910, 31, 709), by the nitration of hemipinic «.n: 
during which a carboxyl group is replaced by the nitao-groy. 
oHaioed an acid melting at 188 — 18^ (methyl ester, m. ^ 
7 ^ 77 ^^^ which they regard aa 6'nitro-2: 3-dimethoxybeiuwic uc.i 
Th«e is every reason to suppose, as the following scheme 8Lo*i^ 
that their view is correct, and that their acid is identical with 
mtro'ftcid obtained by us; 

Mid) MeU MeO 

Met/\(X),H ^ MoOf^COjH 

but we regard their melting point for the acid aa too high. 


KXPBaiMENTAL. 

[SVt rii TiiAN Qi 0 Cuoi ;.] — Kthyl a-Cyano 2 :3^ime^/k/iy 
cinnamate (HI)* 

0 Vi ratraldehyde (10 grams) and ethyl cyanoacetate (6* 2 gr,.. 
were mixed and heated on the water-bath. The addition of 
drops of piperidine caused a rapid condensation, accompanied I v 
rise of lem{>erature, and, on cooling, the product set to a v 'm 
mass, which was dissolved in hot alcohol. The substance separ.itf-, 
in pale yellow nec'llps from the cooled solution, and, after recry^i »! 
lisiition from alodio!, melted at 120®: 

0 1151 gave 0 3123 CO* and 0 0768 H*0. C — 64'2; H=;5 f*'. 

01 502 ,, 7 '3 c.c. X* at 16® and 756 mm. N=:5'6, 

CiiHj./liX requires C-61‘3, IT -5 7; N = 5'3 per cent. 


at' iji in (i- 2 : 3-^/ i /« ^ t hot i/cinn a m ir A cid. 

The hydrolysis of the foregoing ester was found to be best arc*.::, 
phshed l>y means of a solution of hydrochloric acid in acetic a< i i 
The cyano ester (0» mams), acetic acid (50 c.c,), and concentraO-; 
hydrix'hloric arid (50 e.c.) were boiled until complete solut:’ 
occurred, and then for half an hour longer, after which the yeii»A 
liquid was a*ldwl to an excess of water. The bright yellow pr-’ 
cipiUte was dissolved in aqueous sodium carbonate, recovered! bv 
acidification of the filtered solution, and crystallised from glacn^ 
acetic acid. The yellow, prismatic needles so obtained 
sparingly soluble in most organic solvents, and melted at 2b/ 
The acid forms a sparingly soluble sodium and potassium salt: 
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0 1070 g»ve 0 2426 CX)^ ami 0 0471 HX). (' ; 114 8. 

a 1376 „ 7 6 C O. N% at 16^ and 746 mm. N 6 3. 

OjjHiiO^N requires C 61 7 ; H - 4 7: X: 6 0 per eent. 

tu'ul eau be wilhoul, 

iKempos*i*io**, and, aUiiough itself t\ yellow MiWiaiioe. it disstOves 
,y .d kalis, yielding almost colourless stilution.'^. On boiling wilb 
neons potASsium liydroxide it suffers hy^lrolysl^, with M'jciration 
{ .. veratraldehyde, and it yields llie ester desciiU'd above on 
irraUieiit with alcohol and sulphuric scid. 

2-/ Wl^fO-8-Mir / hv.r^ctfU man a ‘Scot ‘hut t^loi t I V b 

Ten grams of ethyl o cyano-J ; 3 diniethowcinniUMale were dis- 
v'ved in 50 c.c, of concentrated sui|shuric acid, and when the 
rise of temperature liad sulisidtNl and the liquid liad again 
• -.!r'd, the mixture was jmured into an e.xcess of water. Tlie clear, 
solution was cooled and treated with .npjeous jiolassiuin 
;,v troxitle until the red colour, which ap}*eare<l in lliose portions 
wiitre tlie alkali was in excess, was just about to become permanent. 
Ti;*' precipitated yellow siil>sUnce was collected! iiml crvstalli.sed 
!r 111 otliyl alcohol or from benzene, in either of which it i.s 
rj-iimgly soluble in the cold. The sulistaiice mell.s and dectimpora^s 

.t [sri 

':!477 gave 0-3411 ('O,. and 00G92 HA (V 63 9; il o Lb 
" ia32 ,, 7‘6 c.c. X,^ at 16^ and 738 mm. X 3 7, 

requires C- 63'1 ; H Ti'J ; N ;’i Ti pm- cent, 

1 iic compound dissolves in .^iduim carhonati' Holutimi witii a red 
(••lutir, changing later to yellow. 

8 3/r ///fM‘ycrif/;«aro<-3 r^vr//r/ ry/fc Arid a/if/ ih Eifafl Eshr (V), 

Tiie iininO'Compouiul just dcfUTibe<l dis^^olve.s in In jier cent. 
^<( ie'!U8 potassium hvdro.\i<le to a red s<jiulioii. which wln-n lieate<! 
a t!ie steam bath liecomes gradually yellow, and at tin' same lime 
oiiifionia is evolved. On acidifying witli livdiMchloric acid, a 
p-iiow precipitate is obtaineil, wliich <'ryslal!ises from acetic acid 
needles, melting at 2l(6‘, and is sjiaringly solulih* in all solvents: 
''l-:,32 gave t)-27(>2 CO., and 0 0114 11,0. (’ 60 1; U ;P9, 

Cj,HA> requires C- 60 0; 11 3'6 per cent. 

lAhid Ktitrr. (o) This substance results when the corresjionding 
^<'ei \A boiled for &(jme hours with o per cent, alcoholic suljthnnc 
< ! i. It separates from alcohol in colourless crystals, and melts 
it 96^; 

’*1176 gave 0-2708 CO., 11'0536 lip. C 02‘S ; II 3 0 . 

reriuircs C- 62 0; H-4’9 per (:cnt, 

‘ 7 g 


VOL CV. 
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ih) The %o\ixiuni of the iniiuocompound In sulphuric acid 
rliluu-d witit water and allowed to remain during four hours. TK- 
pre*;jpjute wlttch gradually formed was collected, crystallised frf; 
alcohol, a fid found to melt at 96^^, and at the same temperatu?. 
wht'U with the com(>oiiiid ohuine^l as described under 

and (• }■ 

if) -rVafiflljn (lugrafnii) and ethyl malonate (10-5 grams) v^^.o 
t/tgi thi r ofi the steam halli with Hve drops of piperi-i:r. 
After ten mitiuU-i, ah ohol was adtled and the solution allowed t 
ciiol The rrvjitaLH were rollecte^i and recrystal lise<l from akon. 
wheji they iii*dted and at tlie same temperature wlien rniA.; 

with an espial quantity the substance rlerivwl from tlte iin;' 
rornpound, ( Ko ind, (’ h‘J 6 ; 11= -19 per cent.) 


OMe 


d htrnrfhnrt^hrjtz^lni^nrti nilnnttrr ftil ^ 


/\oMe 

l^yun:N-c»,-cH(()Kt', 


A mixture t;f o veritlraldelivde (I'J h grams) and aminoareti. 
(lo grams) was healed on the sU'am hatli during an hour. T > 
eoridensatnm whieli nccurrfsl was rendered ulivious by the separi 
tion of drops of water, arnl the rwded jirrxluct was dissolved 
efher, the t't iierea! solution dried, and distilleii. After the removal 
of the solvr-nt tlie wfioje passt'd over at 1109 ' 18 inm., and llie vii-; ; 
was nearly quantitative ; 

0 1097 gave 0 ^,'>“<11 (’(), and 0 t)89'J 64'll; H-M 1. 

t'j.H-dhN requires (' 04 0; ]| .81 percent. 

This Huh^tame was prepared in order to attempt its convert; • 
into dime! lioxy-<oquinoline (Hiighcimer and Scltdn. Jirr., 1909, 42 
11971. also altriijjted tliis, hut witliout success), but the result-i : 
thest* experiments were very disa|>[ioint ing as far as tlie vi*- ‘ 
rditamed was nimeriied. The Itase was, however, isolated in t;. 
form of its pierate. 

‘J 9 I hmethoxyl»enzylit|eneiLminoaceta] w'as dissolver! in fourt* - 
times Us weigtit 7‘J per cent, sulphuric acid previously ec- 1- 
to 0 Tlie .toluiiun was then satin alerl witli iivdrogeu chlon-i- 
and maintained U low o during ten days, and at tlie roOfU tetni'en 
ture lor tiu>H'' iiirtlier <liiys, after which tlie product was nii.xe; 
wall powdenvl u'p, Tlie .solution was ex tract e<l witli ether in <.>ril»'r 
to remove small quant it le>^ of neutral substances, Llien ren<ler»*‘‘ 
strongly alkaline, and again extracted with ether. Tlio ethpre.i! 
solution was drier!, evapraate*!, ami the oilv resirlue, which o-'U.! 
not be it ysta I Ijsed, cotiverti^rl into the picrate, which cry^talii^*^ 
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•fom ethyl ketone in yellow prisms^ (Found, N- 13 1. 

>lc . N = I3'3 per cent.) 

The hue recovered from this picrHte by treatment with sodium 
ivdnixide po»e«sed the tharacteristic« of incline derivativea, 
H 3 ,| was unchanged bv treatment with boihnj; concent ratetl iiydro- 
•hioric acid. 

hthyi J: 

OMe 

^\>\U 

^ ch:N’CH,co,ki 

Iti effecting a con<iensjition Wtween glycine .uid vcrnlraldeJiyde, 
!i found necessary to employ the free ethyl ester of the amino 
which waa prepare^i by the decomposition of the ester hydro- 
.!ji*iride by silver oxide in presence of ether. 

J^;<|uiiiioleoular quantities of o veratrHlilehy<ie and glycine etbv! 
■•ster were warmed together on the steam-hat h during two hours. 
riiC product could not be punfietl either by crystallisation or dis- 
illdlion, blit an approximate analytical result was obUiiie<i from 
I qecimen treated as follows. The crude pro<lnrt w^as dissolve! 
n pure ctlier and w'asheil with a solution of sodium hv*lrogen 
ujpiiite to remove any unchanged aldehyde, and then with very 
iiluie hydrochloric aciil to remove glycine ester. The drie<l solii- 
ii.n was tiien evaporate^!, and the oily residue expose<l to sulphuric 
> i‘l ui a vacuum desiccator; 

" !'‘H6 gave O lMTG CO. ami 0 0698 H ,(>. C G2T ; H 71. 

requires C’. 621 ; 11 6'7 per cent. 

Numerous atteinjHa were ma<le to induce thus substance to yiehl 
rye he base or ^^oquinolone, but without success. The ex plana • 

:. Ti of the failure is to he foumi in tlie rea<ly Ir' Imlysis of the 
' lideiisation prorluct, and for tins reason it was a so not possible 
^ prepare the acid corresponding with the ester. In expr*rinientH, 
*vie witli this object, o veratraldeliyde was always ]irorhii-e«i. 

(IMh 

WjTfl Wai.tkh MoltllKLl. Rohkrts.] o-ib/vi/;7r .boW, ^ phh 

Ahhougli derivatives of tliis substance have been frequently 
**^cnl:ied, the acid itself has apparently not l>een chara(‘teri8e<!, 
we therefore prepared it by oxidation of o-veratraldehyde. 
iie aldehyde was dissolved in acetone anrl treated at the room 
Hipratiire with a solution of jmtassium permanganate (W per 
) until a [vennanent jiink colour was jirr-wjuced., Tlie sTilution 

7 q 2 
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wu heate4. coucentraUii, anti acitlilied with hydrocii}. r, 

acid. Tiitr t;«>tourle». crystalline precipiUte waa collected and r- 
crvftalhseti frum hot water, ui winch the acid U far more soiuv 
than verairi- au l itself. It separated in fern-like aggregates , 
prisiiis, nieluiii^ li-"- 

(1 j ^ave *' -0 1 j and 0 HiO. C. — 59 1 ^ il — o 0. 
tVfh mjuires C 59 :i ; U=^5 5 per cent. 

This cuinp'rund, the first stage in Frits.: 
syn> h*'Sjs mI r»*‘« <oiiiM* i A fuutfrn, 1898, 301, 356), had 

-/hlAinrd K v vIm* iiiciliylation of guaiacolcarboxylu* .ir, 
\V*‘ pn-|Jii>.d il hv hoihtii,’ veralric acid with 5 per cent, rncii.. 

soljdiur!' i< id, and fuviiui lliat il melU, as stated ■ 
Knt^cii, at {7 . 

'y Alftiurfitn I {i}-/lomnrmttr>/l AUffhol)^ 

OMe 

^ aUj OU ' 

Two t(icth«>iU wore ciiipluvfd in preparing tiiis substance : 

Vorrttralriidivdo {Ui grams) dissolve! in a mixtnr. 
rt!c«/|i<d CJjO cr.) amt woiter (tOO c.c.) was gradually treated 'a- 
5 por ffiit sodium amalgam (15i) grams), with constant stirr;;: 
Tljo solution wan aiudi(lc<l and distitlwi in a current of steam, ;,v 
lln‘ K'siduc rcriiaiiiing in the ilask extracte<l with ether, the etinr*-: 
fK^lulmn dried, and evaporated. The oily residue gradually wdi :: 
bed, ami was recrvsUlli«‘<l from a concent rate<l solution in eti;H 
from wlm ii it '*<-jjarated in colourless prisms, melting at 46 1> 

0 ns:t gave I) J791 rO, ami Oditm If./). C=^64'0; 11^1 1 

( y I ,.p, requires C - 64-3 ; H -- 71 per cent. 

\f>) '> V' r.ilr.aiMeliyde was boiled with *20 per cent, ])otas>ri 
liydnixide st)lution for several hours, and the cooled liquid •?. 
tract *>^1 with etiier. After wasliing the extract with so<h;’ 
tiydiogeji >4ul]ihile .solution, it was dried and evaporated, an i t;* 
lesidiie aliowc.l to crystallise, The crystals obtainerl were idcnu* , 
with tluw produced as in (^o), Tlie alkaline solution on acidi:5, » 
tion yielded o veratric acid. 

1 : 3 /b/(v,'n.*2 o-j f nefi^(fnti<ff)it', 

t)Me 

/\, 

\/' 

fn order to prepare this substance, equimolecular prop- iti--' 
of 1 ; 3-diketulvydrindene and o-veratraldehyde were cauticus; 
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together until wat^r to W prcKiuce<l. AK'ftIu.l w«* 

hen a«Me<l, and the l}row!!ish crptaU were roMeote<i aihl civ&tal 
from ai'et4c arid. The bright yellow needles tlujs obtained 
at and were very ajiariugly Siduble ni alotthol : 

gave 0*2190 CO, and 0 03-17 11,0, C 73 2; 11 17. 

requires C 73 o; 1! I S jier eent. 

The substance dissolves in sulpliurie arid to an orange s<d\ition, 
iud is recovered uiH'hange<i on the addition of water. Tliis 
.b-iervation goes to show that, in the ease of the eliim nation of a 
nri/ivi group, wliich is destTl^^ed below, it is the tend<Mirv to jiro- 
, j.v tiie anhydropyranol ring which is mainly o}>erative. Wliere, 
111 the present ease, tins tendetu-y is abs<Mit. then ilie sulphnrie 
;.i alone in the eohl is not able to livdroiyse the methoxy grmip. 


2'0- 1 (fn tiir tit ^ ; G fi* tttf t hfi.i V 1 '^1 tjih I n<Ao/r, 
Oile 

,,,, 


TiliS subsUnee was obtained when *> vaniiliti (f) grams) anti 
(idimetlioxyiiydritnlone (Ti grams), tngiUher with pobissiiim 
!V‘ln«.Kide (4 grains), were boiletl m imUhvl aholiolio solution 
j't c.f.) during half an hour. Tlie li^piid was I him ai idilietl with 
j.i-t’c acid, and tlie sparingly sohil)Ie yellow ](re» ipital** recrystah 
n*'! from r.toauiyl alcolitil. The stibstam'e forms yellow rhomboids, 
orv sparingly solulde in most solvents, and nuOting at 20.')' ^ iL 
jivy/lves in alkalis, yielding re<l solutions; 


'M12n gave 0 2882 CO,, and 0 0566 H./). C .' 09'9; H 5 6, 
requires C-69'9; II--5'r) per cent. 


'l(rVfratrylifIfne-o:G-f/tmrffioTi/\-hi/{!niuloitr (VI) is fomierl 
*lK'n equal quantities of o-veratraldeliytle ami of 5 : 6-<liniethoxy- 
j;iidnndone, dissolved in warm alcoliol,are treated witli a few drops 
!' ormcentrated potassium hydroxide, when in a short time tlie 
"aKiensation product 8e[)a rates as a crystalline mass. The suh- 
Mance was collected and recrystallised from methyl alcohol, and s<j 
■ htairiH in very pale yellow needles, melting at 186^: 

" 1274 gave 0'3289 CO. and 0 0688 lU). C = 70'4; 11=. 6 0. 
Cj^jUoqOj requires C = 70'6; 11-5 9 per cent. 
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8 4' 6'.Tnm^lhot!/-2:3 in<lrnu-l:Uc'‘topfTanoI Aihgiim- 

F»a, 


jtrrifhlhntlt' 


M«^) U 


\/%/cv/\/ 

CH CH, 


/\)Me 
, ,OMe 


Tlii» 4 ub!.Uiii'e was obtainwl ill tlie follow^, 

liifTereEit wayn , , . . 

Ut) Five -! o-vanilliri and 5: O-dnnethoxyhydnrhi . 

w*.rB djwolvwl in ^bnal acetic acid, and tfie solution saturate: 
at the rn«»n teiujierature with hy-lro^jen chloride. Orange cryM,. 
4 d the pvranol anhydr.rhydro. hh.ride se)farate afUr some lime, : 
th#^ were rolkcteii, disaolveil in hot dilute hydrochloric acid, h: ■ 
converted inU. the ferricliloride hy the fuldition of an exct-s. 
ferrrc chtnn.le djjvwtved in concentrated hydrochloric acid. T;^ 
pre< ipiUted brick red suUtance was collected and crysUlliaeti ir. ■. 
a Urge volume .d acetic acid, in which it ia very sparingly solubU 
and from whicli it w'parated in deep red prisms, melting at 'J-tn 

0 KH)! gave 0 UM'i ('(L and 0031^ C=^44'f^j ll ~ 3 

r.J!,.(),.Fc<.M, rei'imres C- brl; H-3 4 |)er cent. 


In view of the intense tluoreactmce exhibite.1 by the correbpos . 
ing salt from pmethoxysalicyialdehyde and dimethoxyhydriudo- 
it IS interesting to note that the alwve isomeric ferrichloride is i 
fluorescent in iupieous, or even in concentrated, sulphuric s,. ; 


solution. 

(7.) 'J o Vaiiillyliden^r) : G dimethoxy • I ■ hydrindone (see aVkiv- 
vieUU wiili cold concentrate.! liydrocldoric acid a brick-re<i liy ir 
chloride, wliicli is .lecmn posed hy water, with tlie formation of t ^ 
original uns^ilunitcl ketone. If, however, the substance is Imi'e: 
with hydr.K-hloric aci.l, the brick r«i is replaced by an oraii.- 
!K»lutiou, and the addition ..f feme chloride in excess now {-r' 
cipiUtes tiie aU.ve oxonium ferrichloride, melting after crystahibi 
tion from acetic acid ut '240^. 

(<•) L’-o-Veralrylidene-r) ; G-dimelhoxy I hydrindone dissolves i- 
sul[>huric acid to a re.l s-jlution, which rapidly becomes 
This .'olnur change corresponds with the production of the c\u. 
oxonium salt hy the elimination of a methoxy -group, and on tJ;^ 
addition of water tlie wiiole of the substance remains in solute! 
For purposes of characteri.sation, an excess of ferric chloride .1!!' 
solved in hvdrochlunc acid was added, and the precipitated doiih*' 
salt collected ami crystallised from acetic acid. The deep 
prisms mehed at -4 ft®, and were identical in all respects with 
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subrtAuce a% obtained according to (a) or (f.). This elimination 
.,f a methyl group «t such a low temperature may be taken as sup* 
Xifiiug the view that the re<l. iinsatu rated ketone aalu are 
|uinonoid- 

OMe 

2: XOitfi^thor^rinruiuuv dri//, tH.i H'ttXH. 

\ 

This acid is liest obtained by the hyrlmlvsis of its ester, whkh 
,11 Its turn resulU from the coiidensiatiiin of o veriitraldehyde and 
-tlivl acetate by meHiis of sodium. We have also obtaiiuvl it bv 
, jeans of the Perkin synthesis and by KntK‘venai:el s met in id, 

n \’eratraldehy<lp (-0 gratns) disstdvetl in etliyl acetate (oU grams) 
iaf( poureti on granulated sodium {h grams), and the flask care- 
Utiy 4t)oled in order to mudciale the vigorous reaction which 
msiicd. When the action ha<i slackened, tlie mixture was war hum I 
, 1 , the steamdmth for a few minutes, iuid tlien allowed t<^ cool. 
Kt\ e.\cess of methybaIcohi>lic potassium liydroxide was now added, 
md the solution boiled, after whicli tlie jiruduct was diluted with 
cater, and the liquid concentrated on the steam bath, The a<-itl 
IMS predpiUte<i from the alkaline s-dtifion l»y means of hvdro- 
hUiric acid, collected ami crystallised first from acetic acid, and 
iseii from ethyl acetate, ami was tluis obtained m magnificent 
'iiatening needles, melting at Ibiv'. It jh sparingly soluble in 
iMter and most organic solvents: 

h 1269 gave 0-2944 CO. ami (i tMjno (’ G;pq ; |{ r,.k; 

CjiHjjO^ requires (’. G.l,"!; 11 o S per ci-nt. 

OMe 

, T/>o«r t/<o.ri/-j3-p//c/iy///ro//o//Of ,1 nj/, Cll^-t Ibpf .OjjH. 

In preparing this acid, it was fouml very necessary to start with 
he corresponding cinnamic acid in a liigli state of purity. 

A solution of 2; 3 dimctlioxyciniiarnic lu id (10 grams} in dilute 
I'jueous sodium hydroxide (200 c.c.) w-ms redm-eil by means of 
• per cent, s^xlium amalgam (.300 grams). The liquid was 
iHrlianically stirred <luring this operation, and the end point of 
tie reaction could !«; easily deterndned by means of the permaro 
"^liate Lest. The solution w-as carefully acidifierl liy the addition 
>> hydrochloric acid, and tlie precipitated acid collected and 
rvitallised from a mixture of l)e^^e^e and light jictroleum (b. p. 
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m-W'h from which it s^j>a rated in colourlcfls pritma, melliiu^ m 

t;it 7<r ; 

M il-.'j ff-Tjr (*0^ and O 0»3o H/). C -62'7; H - C > 
r rcquif^'H tv 11 ~ 6 7 j>er cent. 

OMe 

\ > / >/ \ li •/tirtinhutf f 

\/ 

In preparing th -t s'd^tance, - : 3-<liinethox)’-3-|)henylproj>; • 
a t ! CS‘f i^'rarnHj tltrv>l ved m iiCnzeiie (*JOO c.c.) was gently in .> 
..n iJif* sl-narn hath vs tDi phf>s{)horir oxide pHX) grains) duriliL' - 
and a h.tli io/urs. 'I’lm m.iNS acquires a <leep hluisli crimson <■< 
and ap[>**ar!» i<> due to the formation of an additive pr -i . 
.it tlje k;f‘totu* and |dio?.jihoric oxide. The whole was deconi] 
With jf*-, ffiixture extracted wdtli ether, the ethereal seduL 
wailiMri with filiate aqueinis bfxlium hydroxide, dried, i 
rv«jMUut»-d. '('he residue was an oil, wliicli quickly sr>lidiriC*d, :i: 
alder f'uuta' I wttii poi<His pon ^daiu to remove oily impiiritu >. • 
Huirnfatn-e t rynl alltscfl readily from light petroleum, or, l>etter, !; 
a f ‘>u< * iilrat*‘-l vdalion in juire dry ether. It crystallises in vr, 
p.de yei!o.v jil itt"., tuclliiig at 82", ami is readily sriluhle in or;, , 
vvilii lie" esi» jiiiiin at lialit Jndroleuin: 

(I I ha; uav.- u jupy ('ll. ,uid n (nhsa flj). P' -tCS'D; JI h i 

(',|Ii,,(h n'fjuires (' (>8 S ; 11 - b II percent. 

Th«' prop'Tt o[ this siih.stanct* are very similar to tliosr* i.i ! 
Hoiiieri. .1 ♦; diijH t ii(.\ vhvdritnhirie (IVrkiri ami Rolnnson, T 
91. lovM, ati<l, like the latter, it condenses very readily w.' 

.tld*dtv<ics, etc. 

The Hf ilerivative, QH., (OMe),<^t^c:cni>i,, 

r,-.Mlily ..l>t allied l>y diviolviiig crpiai amounta of the liydrind'’* 
and lieu/aldeliyle m warm methyl alcohol, and adding a 
drops of i'ltneent raleil ;ujMeoiLs potassium livdroxide. In a h- 
minutes the ihriv'tive w*parates, aiul after recrystallisation id 
ahiihol imdts ,u loh It'J . It crystallises in pale yellow nceh'*' 
wtiicii are q.,u'ingly s</lul>it' in cold alcohol, and dissolve in sulpli*;r: 
acid l«* a rcil solulnm : 

0 1130 gave 0 3 200 VO, ami 0 (0178 H.O. C-76-6; H ^ I 
rc4|uires C 77‘1 ; l[--,r7 per cent. 

The derivative, i\U 

is oht^iiried liy replacing’ tamzaldchyde Hy anisaldehyde in (he .d v' 
preparation, aqd consists of feathery nee<iles, melting at ! -I 
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yiu* palp compouud exhibit* intense halo*'hroiniwn, ami 

brick-red in contact- with concent rat eil aqueous iwiiro 
, jJ ric acid : 

. ! I >3 t:* ve t) 3235 COo and 0 003 1 1 1 A) { ' 73 3; H 59. 

re^juires C -73 ti ; H 5 }^ per cent. 

orfmii.iwlerivative, ‘l>r:NOH, was |,r(>- 

piftxi aa follows. The hydrindone ^10 ^'raius), rnixtH) witli inethvl 
siodiol (30 C.C.), concentrated hydrochloric acid (5 c.c.l, ami freshiy 
i^vulievi Wiamyl nitrite (15 grajus), was maint.mied at aixmt 5tr^ 
;innir an hour. The crystals of tlie nxnniiucdcriv.aiivc, which 
a rated in almost quantitative vie hi. were collected aiul recrvstal 
from alcohol, and were so obtaiiuxl m yellow iumvIIcs. mehin*^ 
decomposing at 2bP\ The su list a nee dissolves 1o a yellovv 
y Oiiion in alkaline hydro.vides, or even in .sodium cariKiiiatc; 

1113 gave 0'249S CO. and O O.’jJf) H.,(). f r>y ; jj ,vp 
ojlTO „ 7-0 e.c. K. at 21*^ and 751 mm. X fi O, 

CiilljtOjX requires (.’--59 7; H 50; N tha per ivut. 

uf thr 0.timim> ihrn-itt\vr : Ftinmtfioft of // f im f/ititr 

A rxi. 

For the purpose of this oxidation. 5 gnuns of tin* substanee 
• diss^dve<l in the least possible aiiunnit of so<lium liydiaoxide, 
!o*( re of water were added, and the solution was treated at tho 
ot« temj>eratuce with saturated atpu-tius jmtasaittm permanganate 
,ufi{ .a permanent jjink colour was obtained. The Inpiid. to which 
» n>w drops of alcohol had beeji iiddcd, was tlieu l>oile<l, liltertxl. 

■ i!rentrale<l to a small l)ulk, aculitied, s<itttrate<i witli anntioniuin 
•uiphate, and repeatedly extracLwl witli ether. Tho coinbine<l 
-xtracts were driexl, fllU‘re<l, ami ovaporaUsl, and the residue was 
n.^iiilcvi in a stream of ammonia. In this way a qiianlity of a 
ry^talline distil la tij was obtained, and tliis was (ollected ami 
rystalli.sed from alcohol, when colourless ne<»dles s^qiaraU'^l, ami 
•o're identified as hemipinirnide, siiioe they melted at 229'-, and 
e melting point was unalterexl when the .stibstame was mixe<l 
":th an t^ual quantity of hemipinirnide obtainerl by the action of 
ydroxylamine hydrochloride •■n a fioiling alrolinlic solution of 
yianic acid. 

0M« 

G-yilro-o-vrTatraldfhijdf, 

In preparing this derivative, o-veratrahlehyde was added, with 
=f"-ful cooling, to ten times its weight of nitric acid (D 1'42), tlie 
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al!o««l to remain during fi». minut«, and ‘h*” dduu. 
with water. The precipiutod nitro-aldehyd# waa collect«<i 
n-viuallu*.! from metl'vl alcohol, from which it separated in 
,,.U yellow ne«lle». melting at 88= Neither nitro- nor dim;,, 
twratrole could 1* delected as a by-product of this nitration: 

0 li:s7 gave t; 6 c.c. N, at 'i'd* and 752 mm. N = 6-6. 

require* X = 6‘6 per cent. 

4 0 4' . Tr(rarnethojtfit‘^ftUf^f'"y 
MeO 

M^)'^ OMe . 

Tli« forinaupfi <>( lliif» contpound has particular interest, inajMi. . 

11 fieftiotistraleji that the prwluct of the nitratioti 
u v*Tatrahlehvde is the o-iutro aldehyde. 

In ur.ler to ol.uiii tins substituted indigotin, aqueous potassr. 
hvrlroxi.h^ C'l c r. of 10 }>er cent.) was gradually added durintr f, 
muiui.‘H to a solution of nitro^/ veratraldehyde (‘2 gramsi 
aretonr (lU c c TU brownish-re<l liquid was then mixed u- 
watt'r M'>0 c.c ) arul heated <luring an hour on the steam b:c. 
Thf' iiidigonri th*nvative was collecterl, and in this condition lid ! t 
slatv appeariinre, but after crystallisation from acetic anhydr:> 
or, better, iittiiine, it was obtaine<l in iieeriles having the chara(>r 
istu- iipprarancr of iiuligotin, and melting at 267° with 
dt^' orniiftsihon and partial sublimation ; 

n L:avc 7 2 <’.<v X.. at 18'^ and 752 mm. X - = 7’7. 
(’■nH,,n,.X, rcfpiirea X m' 3 per cent. 

■/V'/tMf ' '/oM hciiav^s as a vat dye, and is nM-:,' 

(ividist-d bv nitric acid, but we were unable to isolate the r-rr* 
s|K)iiduig is;itin flcrivative. 


iWiTH U.SVIT) CAKDwrM.,]— 6-sVi/ro-2; 3-f/imeMoxi^fcenrorr Ar.i 

OMe 

MeOr^"^CO^H . 


‘I'lie position taken up by the nitro-group in the nitration 
o veratrahlehyile ap])eare<l to us so very curious that we 
auxioua to determine whether or no an isomeric compound i 
formed at the siime time. The crude nitrmaldehyde was therc'cn 
o.xidised hy means of warm permanganate in the presence c- 
siKlium carljonate until tlie colour was no longer discharged. A*t« 
the excess had been flestroyed by alcohol, the solution was conce^ 
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•Jwl acidified, and the precipitated acid collected. Tlie 
s^ude iiitro-acid (10 grams) was dissolveil in methyl alcoholic 
ivdrogen chloride (75 c.c. of 3 per cent.)* and allowed l-o remain 
lor forty-eigbt hours at the room temperature, Under these con 
jiUt'tis, only a small proportion of the acid was estenhe<l, since, 
)Q the addition of water, a precipitate almost com|detely wduhle 
^ dilute sodium carlwiiate solution was obuineii. It iniglit Inive 
e:£p«cted that the am all residue would consist of mclhvl 
I oro nitro-S: 3-dimethoxyl>e«roate, either of which sliould be more 
^.iilv obtained by esterification tJian the (l iutro j.someride . but 
>11 iTVStalliaation the substance was obtained in colourless net^lles, 
picking at 81°, and at the same temperature when mixtyi witii 
I lit ester obUinetl as destTibwl below, The iinesteritied acid was 
frcovered from the alkaline solution by acitiilication, ;iiul crystal 
several times from water, and then from etliyl acetate, and 
►as thus obtained in colourless needles, melting at 179'’. Tile 

►.iulton of 6-nitro-2 : d-rlimetlioxyl^enzoic acid in hot water or in 
likxhs is yellow, and this appears to be a cast* to which the Ostwahl 
theory of indicators may correctly l>e apjilieil, (Found, C 47 (1; 
)l ;3 8 Calc., C — 47 6; H^3 9 jier cent.) 

Tiie methyl ester w'as prepartyl liy hoi ling tlie aci<l w'itli lo j>cr 
mit. methybalcoholic sulphuric acid for st*veral hours, .an<i was 
by crystallisation from metliyl aicoiiol, frcHu whicli it 
i^parated in colourless neetlles, ineUing at vS] (Firnnd, (' 49 9; 

li-4 5. Calc., C = 49’8; H~4‘G per cent.) 

2: ^'Dimftho.r^phrritjljxiraroinr dm/, 

OMe’ 

\/ 

In the preparation of thi.s acid, oquiniolecniar quantifies of 
t veratraldehyde, anhydrous acwlium succinate, and acetic anliydrido 
maintaine<l at 125° during three and a lialf hours. The pro- 
liiict was then boiled with water, and neiit.raliwMl by the gradual 
jiiblion of sodium carbonate, the hot solution was filtered rr<jrn 
Up tar which is always formeil in consiileralile (plant it.y, Injibnl 
k^tli animal charcoal, filtered, and acidified with hydrocliloric acid, 
pile paraconic acid separated gradually from tlie solution in colour 
needles, which, after crystallisation from formic acid or 
wueouR acetic acid, meltefl at 132°. The yield was only about 
p’* f>er cent of the theoretical : 

9 1243 gave O’ 2665 COo and 0 0624 H./X C--58'5; il-5 5. 

CjsH„Og requires C-58'6; H-5'2 per cent. 
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Tht yUThHlrruntH f.^Ttn grams of the paracomc acid 
in '^h c,c. gUcial alette acid were gradually treated with hit#-, 
{'I't c r., U r VJ), with coHsUnt stirring and cooling. Av>; 
fpfnaiutng for several liourii, water was abided, and the precijjn v, 
acid collect^*! and mstalliseil from 50 |}er cent, acetic acid, »> c 
which the suWlance licparales u\ pale yellow needles, which u>.' 
at 203 ' ; 

0 13*^5 gave 5 0 c c, at and 769 mm. N-4'8, 
t’jdfjjO.N requiree N-4 5 per cent. 

It 14 clivir tlirit :fi^! nitro-group in this acid occupies the ^ j-v 
t it ir, niin-c h nitro 2 3 diniethnxyl>en*oic acid was obtained .i- : 

Ot iu oxidation hy means of jwtassium j>erinangaiKi^^ , 
alkahne iwiliiti"n at 0"^ 

The ester of ilio nitro-acid was prepared by boiliiiL' i.. 

nrtd with an excess of 'i per cent, rnetliy 1-alcoholic sulphuric :i. 

It (TvsUlli'rf'S from mcilivl alcohol in colourless needles meltm;: ■ 
l2V5 itnd IS ^p,irlnglv si^lnble m cold alcohol; 

II 22<i3 k'avr <) {<)W (3), and 1)092.5 11.0. C-51'4; H"4 7 
requires C 51 '6; U-4'6; K — 4*3 per cent. 

S*"V»*nil aUcirij.t.s '.wrc made to reduce tins 8ul>stance to t.* 
cor respum ling aimiio denvat ive, which was required in connc.xi ■ 
With our experiment.s on iiaiinalirie and hariniu, but althougli 
wi-re iiidn ,ttjoii^, mi m-mt iI cases. Dial a carlxistyril*derivaii\c 
been prodm ed from ! hi-, amino derivative by internal condensai, ; 
wn wo-rc unable to }so,l,jir the substance in a pure state. 

W'c wish lo -ii.itc that much of the expense of this investi:,' O: 
was no't b\' >4*v» r lI gr.mts from the Research Fund of the ('lien,.u. 
SfH'ietv, ami to cxpres.s onr gra*. ilndc for this assiatance. 

Tmc I'sivrKvinrs <0 (Jxvoim anii Stdney. 


(VWlll. Some iJerirativf'S of \noCotimarin and 
\M)Carhostyril. 

Ry D.vvin Rain, Wii.i.um Uknry Perkin, jun., and 
Robert Robinson. 

In ft communication puhlisiwl a short time since (Bland, Pork;* 
and Robinson, 15, 1912, 101, 202), it was shown that oxyberl r ■ 
(I), when heated with dilute liydrochloric acid, is converted hy ^ 
remarkable change into ituoxyberberine (II). 
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MeO CO CH^ 


CH j 

MoO;^ /A"!! Cil 
MvO VO riL 


MeO CO CHj MvO ('O r||, 

(!.) :M.) 

formula for Mooxyberbernie iTjuosfUts ihal sulislatuo as 
irfivaliv© of »*«carbost yrii, and, in order u> furtlier study tbo 
.,>j<rtie3 of &ul>staii<‘e» of tins class, u Ivecaiiie luvessiiry to atteiujit 
svnthe«is of dimetlioxvMocoujnariu (III) and dimelho\y*^(c 
iriKijitvril (IV) and their derivatives. 

ca til 

,N 11 

MeO CO M..O CO 

(III) IV,) 

.. d'aiiinarin (VII) has been prcjiaied fn'in ^ najiluliaquinone 
* ,:Mdalion with hleaeliliig powder, when the laelone of o earlioxy 
.(•!jyl|ilvceric acid (V> results, and lliis, wlien lieated with livdro 
. ‘Tie acid, U cotiverte<l into /.soeouinarinearboxvlic acid (V] ). 
CiKOH).(^Il-CO,H .CIi:('-CO.Jl 

(V.I (VI.) 

lire Sliver salt of the latter acid decoinpo.'H’s on distillation into 
c'-utuarin and carbon dioxide, and ivoiarl^nslyril (VIIl) is 
f oiteil from m/coutnariti by tlie action of alcoholic annmiiiia. 


C H 


,, „ X’HiCll 
•' ‘^CO-NH 


ivil.) {Vlli.i 

'iipare Iiaml>erger and Kitsclieit, iJrr., 25, KU'J ; BainlK-rger 
' ! Krew, Jitr., 1891, 27, 1*0 7 ; Ziiicke, /b;., ISO'J, 26, 1-195). 
•<'<'innarin lias also been obtained in .mnall (pianlitv by (labriel 
, 1903, 36, 573) from iiitromethyleneplitlialide by boiling 
;!fi itv<iriodic acid. 




rll.C'"",'" 


Tiic.^e methods are inconvenient, and have tlie disiidvantage, tliat 
a-y are not readily applirahle to the prejia ration of derival ives 
1 'womnarin and tifocarhostyril, and, as no otlier means for 
'Uimng these substances has Wm devised, very little work has 
done in connexion with this interesting group, of substaiicca. 
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lu the [iT^Rl cwniuunicauon, a matbod of ^theei^ 3 
i4vcoumanu, i#</carl)0*tyni and their derivativea ia deacribed wL.;, 
xiiouid U widely aj>|dieable, and depends on the hydrolysis of 
conderiaaliou pr<>lucU of o aldehydo-acids and hippunc 4.,. 
KrUnmcycr, joti. i Hrr., 19<J0, 33, 2040; AmuUtn, 1904, 337. 
r'jffii^aro I'lochl, lirr , 1883, 16, 2815), lias sliown that, allh*;;;*, 
hi|j{)UrM* at id does not seem capable of yielding an anhydri<i>^ . 
internal el uni nation oj water, the acids of the formula 

wtucii result Ifoin f lie rondensalion of hippuric acid with aldeiiVi,^ 
ar»^ not <>biairu:<l as such, but as anhydrides, when acetic anlivtir;^, 
u empioved a’i the condensing agent. Thus, for example, whrri , 
mtxlurft of l^euzaldeiiyde and hippuric acid is heated with . 
anhydride, the !»ulj?»laitce which crystallises from the pro^iut-? ^ 
2-phcnyi d It^nzylidcneoxazolone, 


CJh/Clft 


+ 2H.( 


yii,cu,H c,h,-ch:(^’ CO 

NII-COO.H, N:C(C,H,r^ 

Tim hydrolysis of 2 phenyl d heniylideneoxazolone leads, in t , 
first place, l«j U‘ri7.ylidenehipj>urio acid, and this decoinpos<‘H, 
hoilitig witii hydroihloric acid, into benzoic acid, ammonia 
phenyipyruvK' acid, a j>ron*sa winch may l>e represented thus 


fbH,*CUH and 


r,n^*(di:(:(NH,)‘CO,H NH, + CJVCH,-CO ('(Vi 

We have investigated the condensation of methyl jditL, 
ath hydate wuli liipjoirie acid in the presence of sodium a(v!.i;» 
ami acftic aniiyilride, and obtained, in this way, 2-pAr?n// 1 

rttrhii rifiH r f h t/l fir >> : tj[ u/t iin)T(i:t>fiif>r : 


i'o^Mud'jipcno 




C(),Mc-i;,H..cn:(p co , 

iieti tins methyl ester is hydrolysed witli potassium hyrlrox.’* 
It does not India ve \\kv 2 plipriyl d-lienzylideneoxazolone to vie- 
a ilvnvativo oj ]itn‘nylpyruvic acid, hut the intermediate anm. 
acitj Insi^s w dei ami is converted into tlie lactam, and oi.rar*' 
HtyrilcarbiA'vlic m id is formed ; 


It 


(Mir:t;r(),n 

V i 

^ ^ NH, 


CH 

/\/%C •CO,H. 

\/\/^» 

CO 


st'tMins clear that this difference will be observed in llie < >•' 
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bydrolyab of all derivatives of 2-i>henyl 4 t^niylidene 
Aiolon^ which couUiii a carboxyl ^rouj) in the imposition witli 
to the group, ‘CHIG'NI, and the alnive method slum Id 
<frefore prove to be of general application fur the preparation of 
■fjvative* of i^carboatyril. 

\Ve have employed this method tor the preparatiou of 
vdiinethoxyuocarbostyril (lY), from whicli, ns shown tm p. 

,#(H»xyberb©rine is derive<l. In carry in g out tins synthesis, 
Khvl opianate was coiidense<l with hsppnrjc acid in the piestou'e 
icetic anhydride and stHiium acetate, and the resnhinL; 
^,.:>irhort/»tethyl-ltil)-dtUirUHfj ftir \v js livdi c 

to 7 : 8-dimethoxyMocarhostynl 3 carboxylic acid Wiu n this 
id wax heated it yielded a crvstalline substance imdinig at 233 , 
1 * doubtless 7: S dimethnxyio/carbostyril : 


M«»'' /CO, Me N:CPh^'' 
MeO 


('ll 

-(■(», II 
, / /Nil 
MeO ('(-) 




\ 

MeU / 
MeO 


(’H 

CX) 


An unfortunate fjre which occurred in the Laburatmie^ of llie 
laversity of Sydney destroyed the whole of tlie preparations 
,jde during this investigation, and Indore tliis sulislance and soino 
'tiers had been sufficiently exatniiied and analvs4^<i. It is our 
mention again to prepare thew^ and other similar derivatives of 
'^carlxjslyril, and to .submit tbem to exUnKhsl investigation. Tin* 
•resent communication contains an account of the syn thesis of 
L.vl ojiianoylacetale from silver opianate and etliyl bronioacelale, 
r i this substance was prepared in tlie liojie tliat it migbi prove 
* wt'Ie to effect internal condensation iielwecii the aldeliyde and 
iiictiiylene groups, and s<» obt ain 7 : -S diinet lioxyovocoinnarin 
k*rlK>.\ylic acid, which should viehl 7 ; t:i dLmethu\yo*ocar]ioKt ynl- 
hiriKtxylic acid on treatment w’ith ammonia; 

CH(J OH 

,, Meo:, ; A) ' ’ 

\/ \ \/ \/ 

MeO C0*0-CHj*00,Et Met) U) 

n we were unsuccessful in our atUmpta to bring about internal 
ndensatioii. 

^>u the other hand, a similar condeiisjitiori is rearlily brought 
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aijout m the caise of »^|h3uoyla‘‘etopheuone. Tbis Bubstaij-^ 
pro<iuc«nl (}/. Ii400) wflieii silver opiaiiate is boiled, in benzene k 
tioti, with ja-hromoucelophenone, 


M«(> 


/Ncho 

M » 0 i ^^ C 0 ,- CH ,-00 ( ,1 
MeU 


ilfid wh*'t» Hi S', treated with a I kali tie eondeiising agents it V;^ 
in the liril jdai !U>*^tizrtyl 7 : 8-fiitnethoxyMocouniariui a sul>‘ v 
witn li readily liylmly^^d hy the further action of alk=-. . 

h iitnrih'/! tj rfnttrH‘ Htu! : 


M«tj 


t:n Cl!,-CO-CU'0,li 

C-CO-(‘,H, 

0 ^ 

I MfcO CO,H 

Aitiniu;.di fj «>|>i;.itiiA'l!neto]>henoue is produmi wlien 
(tpiatiate Hearts willi w l^ronioacetopheiione, it is remarkuhh' “ 
an entirely diflerent nMrtioii takes place when the jMitajisiini . 

opiamr acid is treated with ui broinoacetopheiione iu the pres, 
of [loia'-Miifii earlMtriale, and leads to tlie formation of u dw ;,, 
hromomeliiyitinTomrie, which, on treatment with alkalis, 
yiehU Umzoyl 7 , M (iuiiellioxy*?focoumarin (compare p. ‘2401} 


/ 

Mfi) 

M«0 


CH-CIU'.r-CU-C^jHj 

0 

to 


CH 

^^/'^C-COd 
MeO CO 


hiiruig tlie ronrsc of tliese esperiiiienU, we liave alwi n*.- 
gate*l the (’ondens.ition of soitie nitro-aldehydes with hijipiir)- ;■ 
Since it sk'cined likely that the auhstauces prorluced inigiii !•■ 
M^rvtce m cmuiexinn with syntlietical experiments in the aikv 
Ijron]) fpii wliich we are engage<l. In the experimental j>;irt 
Hih ('onuimm< ition (p. ‘jTOd) we descril)e 2-phfnj/l ] ('. 

ftifj ijhr urn producer! by the condense 

of o-nitr<werahaidehyde with liipjjuric acid, and ‘l-phruylA o 
u\p-mrfh>jlrni',iuu i/l)rn:i/lulffit‘»n(no}ofir^ by the condeiisati’ li 
nitrupiperonal with hijtpuric acitl : 


mhk ch:c-co^ 

iVUo^ / Nicidi^^ 


and OfJj<| 


\/ 


9' 

NlCPir 


The study ot the hydrolysis of these sulwtances i? n t } 
complete. 
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K X P K N 1 M K N T \ l 

s:vvu^ ' 

ia preparing thU substance, niethvl jihllmUhitOivilato (1 mol.; 
v.oiipare Graebe and Triimpy, Brr., 1898, 31, 3T5, ami Uacinc, 
{<, ,rsltn, 1887, 239, 84), bipjjiirio aiid (1 aiui acetic 

.nhvdride (3 mols.) were intimately mixed with fusts! sodium 
ja‘(ate (I mol.), and heated on tlie steam hat li during half an 
,,jr On cooling, the yellow }i<]uid became almost soli(i, owing 
.. the separation of crystals. Water was now addtd, the jnecipi- 
collected, washed, and crvsUllistHl from glacial .H^tic acid, 
rcTa which the new substance w‘parat<si in groups yellow 
.fvdlcji. It melts at 171'^, and is very sparingly soluh^* in methyl 
r etlivl alcohols or in ether : 

u l’Jlt; gave 0-3192 CO, and 0 ()4:)1 11.0. C G9 9 ; JI 4 1. 

CjjjHjjOiN requires C 70‘3 ; 11 4 2 ])or cent. 


isof-’ firbust^nlciirhfKt i/hc And and i st/ 'arhagt t/nl , 

, .. .CIKCII 

and C,l!x 
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When 2'phenyl 4-a-carl)OxymethylhenzyIideneoxaz(tlone is healctl 
»:i!! c.vcess of 10 jter rent, aqueous jM)tas.siuni hydroxide until tho 
^!io!e of the subsUinc'e has dissolve<l, a red solution is ohbiined 
vkira'n, on acidifying, dejuisita a thn'enlenl, iuuTo<-ryslallino pre 
rnatate. This was dissolvwl in aqueous ammonia, repr^nipitati'd. 
c ilected, and crystallised from acetone, in wiiicii it is sparingly 
►■iultle. The slender n(M,‘<lIes so obtaiiie<l melted at vvitli 

previous decorn posit inn, and in this ami other prM|u‘rties the 
fca'«>tanre was ident i(1hI with lA'/earbostynh ai hoxylu- ai id [irepare«l 
jty Bamberger and Kitschelt (/^rr., IHO'J, 25, 1143). ofi/t'arho- 
vvril was obtaine<l from the carboxylic acid by heating the silver 
kilt or by simply heating the acid for yime time at a lemjteratnro 
Ixdow ita melting point. Tlie prcxiiicl was purihed l»y suhliina- 
k'U, after tlie unchanged acid hatl lieen removed by WHliutn 
Mrbinate solution, and melt-ed at 208*^, as stated by Hamherger 
Kitschelt {loc. riC, ]». 1145). 
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/ \-CH=9<X>-^ 

MriV ^CO,M« N;CPh"'^' 

MbU 

Thui iwUUHce is obtained by the condensation of 
o|>tanal6 with hippuric acid {compare p. 2395). Methyl opiau;# 
has ii^cn prepare^l by Wej^heider {Monatth.^ 1882, 3, 358; 

13, 2oi) by the action of methyl iotlide on silver opianate, aovi 
employe^l silver fioorido for the preparation of Litis salt, but in , 
exiierirnent** we have adopted the following procedure, wher- >=y i 
very methyl ester is obtained. A hot, ; ■ 

reritrattMl urpirous jy.lulion of silver nitrate (20 grams) is add. i .. 
at once, and witli stirring, to a hot solution of potasaium opi.inv» 
preparwJ from opianic acid (21 grams), potassium carl*.*! jv 
( 7 grams), and water (50 c.c,). Silver opianate quickly crysUi-yt 
and, when cold, the crystals are collected and washed with nh>^i 
and ether. The silver salt is then treated, during half an li> 
in Unliiig ether (U)t> c.c.) with methyl io<iid6 (30 grams), the 
lion rilU!re<l, an.i the silver itxlide well washed witli ether. Tr.i 
ethereal v>lution yields, on evaporation, pure methyl opianaU\ I: 
carrying tint the condensation, methyl opianate (11 grasri* 
hippuric acid (10 grams), and fused sodium acetate (4 grams) w.;. 
tnixtHl with acetic Hidivdride (25 grams), and heated on the stea.*? 
hath during t hree hours. Tlte re<i solution so obtained was pour** 
into water, ami, after all the acetic anhydride had been drc ■ 
potwMi, iho solid w'aa collected and drained on poroui porcelain :: 
order to remove a trace of oily impurity. The substance crys,;i 
Uses well from acetic acid in intensely yellow, slender needles, 
melts at lIM"': 

()‘l54t) gave (>‘3700 CO> and 0’0670 HoO. C — 65’5; H "T"^ 
retjuirts C-0.5'4; H--4‘8 per cent. 

This compound is sparingly soluble in alcohol, ether, or 
acetate; it dissolves in concenlrateti sulphuric acid to an or;irn'* 
re<l s^dution. 

7 ; ^■J)unrthoxyUcn‘arhatti/ril-^’earhorylie Acid, 

MeO 

Thi.s acid may l>e obtained from the methyl ester just des.* 
by hydrolpis, under a variety of conditions, as, for example, 
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of ttllpbunc acid in acetic acid aolutioii, but it i» bent pre^ 
^rtd and purified in tbo following manner. The metliyl ester 
^3 gram*) is heated on tlie steam bath with aqueous pi^ta&siuiu 
ivdroaide (60 c.c. of 10 per cent) during half an hour, llydro- 
[Tpsia takas place readily ^ and, at the eml of the operation, tJie 
tVar, rad aolution is aeidifie^l with hyiirochlorie ari.i, the precipitate 
i«,|lKted and waahetl well with hot water in order to remove 
^enioic aod. It is then diS8olve<i in dilute aquwius ammonia, re- 
>recipitaiad, and finally' crystallistvl frtnn glacial aivtic acid, from 
rhich it separates in colourleajs prismatic neiyiloii, melting ami 
J<^^>mpo«ing at 261®, Larger crystals of this subsUnoo have a 
bnlliADt appaarance, and sparkle like a diamond. The sfwimeu 
|,.r analyiis was dried at 100® : 

it vm gave 0-2550 CO., and 00499 HgO. C. 57 7; TI 4 b. 
♦>1898 „ 9*2 c.c, Nj at 15® and 750 mni. N -5'6. 

CjaHijCjN requires C = 57 8; H==4 4; n per rent. 

0 1317 neutralised 0 02 16 NaOH, whereas this amount of a mono 
Side acid, CjiHjjOiN, requires 0 02 12 NhOU for neutral isjit ion. 

/o t Ao jry isocar 5 o«(yn/rar6oTy/FC arU is very sparingly sfiluble 
a liie usual organic solvents, but it dissolvcR to some ext<*nt in Unb 
ing water, and, on cooling, long slender m^xiles separate. The 
i^idition of ferric chloride to the aqueous or nlc(kljolic solution prO' 
iijces a brownish-violet coloration. In contradistinction to its 
it does not react with benxene<liazonium chloride or with 
;iirous acid. 

The ftAyf ester is readily pre])arwl by boiling the aolution of 
tie acid (5 grams) in 5 per cent, alcoliolic suljdiurio acid (100 c.c.) 
br tliree hours. Water is added, the solid collected and crystJil 
uvsi from alcohol, from whicli the etliyl ester separates in wrdl- 
ietirie<l prisms, melting shar])ly at 179®; 
o 17G0 gave 0-3875 CO. and 0 0852 H.,(). (b 60 5; H fi t. 

CjiTIjjO^.N requires C'^CO'7; 11 5-4 per cent.. 

Th*^ ester, prej)artyi in a similar manner, s<*parabyl from 

Tii'llivl alcohol in groups of slender needles, and melted at 195®. 
It tii est.era are sparingly soluble in cold organic solvents, and itt 
f!«!r jiroperties exliibit sinking difTereiu’es from Utuso of the 
ireni acid. Their solutions in snljihiiric aei(l are yellow, and 
djj apple-green fluorescence, whilst ferric chloride develops 
their solution or Hus])en8ion in alcohol, an intense green colour 
*fii‘ ii Itecoiues blue on dilution witli water, ajid this reaction occurs 
in the presence of mineral acid. 

In faintly alkaline solution or in acid scjlution in the pr»*s«;nce 
' ♦ veess of sodium acetate, both esters yield intense red azoylyes 
*!th diazonium salts, and these dissolve in poncentrat6<l sulphuric 

’■7 K 2 
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acifi witfi a purpi* i-oUniT On treatment with sodium t 
in hot glarial ut tslHi acid solution, the ethyl ester is couverteo ; 
A yellow, erv^taliine Mih-Uaiu'p, which meUs at 257^. Thi' . 
*Uiice may t* fnlrovxiertvative, and it is posaihle that the 
id/^M rv*vi the l>ehaviour of the acid and its . 

towards nitrous acid inny l>e duo to the lactam configuration ■ ♦ 
jorfricr and the U- tifn ( firihguration of the latter, and these i 
dt/T*-j> iM vvtll Ire toKri** the suhjocl of lurther investigation. 






nniflftrrttttf'. 


MtO ^a>jCH./C03Et 
MtU 


This In oht. lined when silver opiaiiate (17 grams), susp. ;, 
in Iwiierie {L'lio r e ), is ladled in a refiux apparatus for five ! 
with ethyl lirotnoiiretale (12 grams). Tl»e benzene is then <li' 5 ; ^ 
oil 4 fid the residue dissoivnl in hot alcohol, when, on cooling. » . 
Huhstancr •w'parates in colourless needles, arid is obtained pii.r- ■ 
ofi« more crystalli.'vition fmni alcoliol : 

0 gave O dlTo CO. and 0 0740 If/). C=^5G-9; TI - 
requires C ofi'H; 11- 5-4 pf^ cent. 

KOnjl oinitriu'^ltn-rtitf*' crystallises from alcoliol in w’ell di ■ 
prjsniat ii- ins'dles, nielU at 'J' )‘5 and is rea«liiy s^duble in l>enze|;,- 
hi»t alcohn), hut spariiij/ly v) in etlier, Tho attempts which < 
lH‘en made t/j induce this sulistance to undergo interna] ron i.-v- 
tion h.iv*- -o tar ie-en unsni cessful, Inil further ex])eriments arr- 
progi f^s. 


fj 


(/ jAitnnt/lurrtnph 


f nnh^ . 


MeO,^^CO,‘Cll3-CO-(’gHj 

MfrO 


fn order to prepare thi.s suhsUnre, silver opianate (27 cr.i: :< 
and (II hfcmfiai elopheiKine (20 grams) wiue lieatcd during t . 
hours witli lieiiZiMie (250 c.r'.) in a reflux apparatus. The solu: . 
was tiitered, t lie henznifv partly removed liy rlistillation, atid ah 
was then added, when the eslvr f|uickly separated in roIoii:\-v 
prismatic crystals, and ui almost the tlieoretical quantity. K' 
analysis, tlie suhstance was reerystallised from alcohol: 

0 )9^2 gave u 4790 CO. and 0 (IS70 iLO. C=^6r)'9; H : 4 
re<jmres C:;6rr8; H .o-PD }H"r cent. 
^OlHiUwijliietfnphfnonr melts at 112=^, «and is sparingly '-.i ; * 
in cold alcohol or etlier, but readily so in boiling alc-h ’ ' 
l«*nzene. 



LSOCOOMARIS AND IStKARBOSTYRIL ‘iiOl 

Tha forrottioD of benxoyldimelboxyt^ocoumAnii from this ml*- 
by int«*nal condensation ia described on j>. ’J 403 . 


s. li<'fUf>yJbrumomethjffmeconinr, 


Cn CH Hr-lX)*e.H, 
, \ \ 


“"x-v/ 

M&J tX) 


O 


It :> remarkable t)mt t)u)i lactone should sejiarate. as it does, 
r:. ,s s^jlution of ojhauic arid in alroliolir pulassiuiti hydroxide is 
!.d to an alt'oholir srdniion o! u hroiuoarrlopltenoar tconi[»a}e 

iiowever, the use of alkali hydroxide leads to a partial 
.■.o'.jxwition of the prtKliul, {>oUssium rurbonafe whs employeti 
jdare. and the followint( ound it ions were found t o work well, 
vdution of Opianir aeul (o ^^nims) in water (‘JO r.r.) and 
!uvMUJrt carlwjnate (f) grams) was mixed witii a srdution of 
^ ^ ;!i<.avetophenone (5 grams) in airoli-d (70 < ,r.). Tiie mixturx' 
shaken, and allowed to remain at room tempernture 
twenty four Innirs. Water was tiien addetl, the preripitato 
r<!ed and rrystallistvi from alr(»lin|. from whidi tlie substaiu'e 
orttesl in colourless needles: 

> gave n J7n5 C'O^ ;ind 0 U};i7 li O, (' oh ‘J ; \\ ;i r,. 

\m „ 0()7!‘JAgHr. Hr J(l‘X 

(V.IL.aiir rtaptires (’ hfi j ; [f a 8 ; Hr JO -I per rent, 

. H'uioylhruminnri'uniut melts at- M 8 ''\ with sliglit previous 
and is insolul>!e in alkaline liydmxides in tlio rohl, Imt 
.. ives, on lx»i]ing, to orange rinl solutions. On tlie addition of 
ir -iiioric acid, a sticky, yellow prerijnlale was fonne<l, which 
i -Oiled willi a little mmentrated hyd roc) i lone acifl, washed 
I! water, and dissolved in colt] alcohol. The alctiladic Holutitni 
‘i deposited a quantity of yelhov crysl^iils, wliicli, after recrYstal 
tl:on from xylene, meltcHi at 17 ] , and were fontid to Im* identical 
i the beim}ylditiiethox\o>occiuinanii described on p. JHiJ. The 
.oilrstance was isolaftsl in a similar manner from the solu 
f 5 obtained on boiling oj)iaiu<’ acid and oi hroiiioacetojdn-noni* 

!i alcoholic potassinm hy^iroxide, hut in the latt<*r cas** the yield 
’ o-ry sinall. The jiroljahie course oi tlieM' interf‘sting changes 
y I'c reprcsenterl tiins: 

X'M-CHHr'CX)Hh X;H(On)-(;H Hr-COPh 
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a Acid, 


Tlift action of alkaline condeiudug agenU on •-opi.»i^T 

acetophenotie leads, in the firit place, to the formation of benny) 
di(iiethox)'*'ocouinariti (see below), but this substance U 
hydrolysed to the alx>v« diketonic acid, and it is therefore 
UtU'r which is obtained under the following conditi-^ 

ci/ (>{>ianoylacelopheiiorie (5 grams), pure ether (100 c.c,), 
granulated wxliurn * (I gram) were heated together in an elHc-fi 
reflux apparatus, when, in a short time, yellow spangle sepnrit* 
from the wdution. After one and a-half hours, alcohol was n 1 > 
U> retnovft the excetw of sotiium, and then water, and the clear, r-i 
!«dutit>tt was cooled with ire and cautiously acidified with 
dilute hydrfH‘hltiric add. The yellow precipitate was rolIiNt-!.: 
washed w>ih watiT until free from every trace of mineral acid, 4 ;, 
rccrv^tallist*'! from Ixnizeiie: 

0 gavf t‘U, and (> 0720 ILO. C"-65'6; 

('jjl„;0^ requires C 65 9; ll::r5'0 per t^nt. 

I'hrnttffjhjnj ijlrntthijlcy^i fuitric acid melts rather indtdii .o 
at ahout i;h) , and dissolves in aqueous stxlium carbonate to a 
M>Iutiun, front which, if concentrated, the sodium salt separaUs . 
u^\ rryMrtl^t. Tiio fact tliat the acid and iu salts are so hi:.! 
coloured buggest.s that both may contain the enolic groui;: 

CH 

^ . >i<htinthiij-f/[socuuin, trill, w 

Med CO 

Tht' Ix'st metliod fttr preparing this sul>stance consists in h. 
iug the dikeW acid, just described, with aqueous alcoholic hv ;: 
chloric acid for ten minutes. Tlie liquid is diluted with water. *' 
»<>lid collectist and rccrysfalliserl from alcohol or xylene, from wr 
the hdlistaniT w'pa rates in pale yellow plates: 

unOS gave 0 3835 ViX and 0-0607 n.p. C-69-8j )! 1 d 

('iJf^tV retpiires (’ -CO’?; H~4*5 per cent. 

ItrnTnijl(h}fir (hu r*f \si'>*-4Himiinn melte at 171*^, is sparingly eolt; 
in ttiost of the ordinary organic solvenU, and crystailisea witli l'^'^ 
facility. Some of the yellow spangles which separated wi' 

* Prtqismi ty mrUing ioilinni utider boiling toln^ne, shiVing vi: : 
deiixiiting tlte and then washing with anhydrous ether. 
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v! was boilej witli sotiium in etijereal solu 

,.n (p. 2403) ww coUe^, ami found to melt at 171® and at 
same temperature, when mised with the Bul>stsnce obUineii 
-oju the diketwiic acid, as just described; they therefore conaistctl 
I i^uioyldimethoxytaocoumarin. 

/;i bromide. — When benxoyldiiiiethoxyt^ocuuniarin, tlijasolvetl in 
.;]ort'form and cooled to 0®, is gradually nux«l with a solution 
i bromine in chloroform, a bright red pretipiUite separates in tho 
vftn of microacopic needlee. 

jius substance would a]n>ear Uj be an oxoniuin dibroJnide, since 
readily loses bromine on exjmsure to air vt on washing with ctdd 
aloroform. In a vacuum it also rapidly loses bromine, and pure 
f^nioyldimethoxyisoooumarin remains, and iiie same cliange occurs 
: 4 Ant!y in contact with alcohol. When rapidly heated, tlio 
:bromide melts at 113® to a yellow liipiid, and, after restdnlifying, 
ie foeUiug point is now about 165®. A s[>fviinpn of the sul>atance 
prepared as quickly as possible and aiiaivst-sl at unco, but the 
.-uli. as njight be expected, was t<Jo low ; 

* gave 0*2485 Agltr. Hr 31 8 

Cji^Uj^O^Hr. requires Hr ill <i per mit. 


‘l-Phenyl-i-o ntiroui\)(limf (fn> / , 

NO, 

Me()/\;ii:c -CO 

\/ 

1ji the preparation of tliis substaiue, o nilrovrralialdehvde 
1 1 crams), hippuric acid (1*3 grams), and fused soflitim acotato 
i.‘ t'r.aTjis) were mixed with acetic anhydride (H) grams) and healed 
r Ti the steam-bath for lialf an hour, d'lie prodmt solid i tied on 
• ‘jjiii;, and was coHectetl, w^i.slji'd with vvaN*r, and erystaliised 
fryiti alcohol, and then from acetic acid, from which it sr* pa rated 
.n fh-ep yellow, feathery crysUln, melting at 115®; 

dUlO gave 0*2926 CO. and 0 0480 M.,0. C GO 9 , 11 40. 

requires C 61 ■(> ; if 3'9 per cent. 

- - rhenyj • 4 - 0 - 7titro ■ p - ncetoj-y-m-m^ t/io,/ 

^riiilarly prepared from o uitroacel^^vanillin, (TyHUllifM*a from 
in groups of slemler needles, and melts at 167®; 

**1008 gave 0'36G8 CO, and 0 1)560 11,0. t' fj'd'O; IT 3*7. 

CjgHnO-N 2 requires CC 59 6; fl 3 7 ]>er c-ent. 

I'hfuyl-i •>!) 

Unied from niiropiperonal and hippuric acid in a similar manner, 



2404 ROSIE DEHIVATJViy OF tHOCOL’SlABIN* AND ISOCABBOSTTKi^ 


trrv’rtaJli.*#* from aleohol iu bright yellow needles, sad mei-j 

vk^ 

0 l>>6 g^ve U I’tb and 0 0517 H^O. C=:59'8; H ~3 : 

Cjdlj/bN, re^ivures C=^60 3 ; H--29 per cent. 

S i4irneth<,f i^K'' »Zt/luUttrhiitit*inc Arul. — In ord^: 
oOtaiti titf> a^ id, 2 i)heriyl 4 o nitro^mp-dimethoxybeuzyli i.’. 
oxazolone (10 grauisj was heated with 10 j)er cent. a(}.». , 
potassium hy<lroxide until completely dissolved. Tiie bhxc 
rt^dutooi wdi then aridifie<l w'ith hydrochloric acid, and the y- , < 
pr«M ij/itat**, whu h was somew hat oily at first, but soon hardrc^.; 
was colifcted and * rystalliiU'd from ethyl acetate. The aci-i 
litus (.btain-'d in slender, greeiii.sh yellow neetiles, and melt*-.: 
22 ^ ' 

0 l;S5‘> u'av** 0 (A), and (10525 C - 58'2; H - 4 : 

fjJljdd.X, rf‘<jiiireb C 581 ; H 4'3 per wnt. 

Will'll thu arid was warmed w‘ith acetic anhydride, it at r.'.» 
VU'i h*d (he fjXa/.<th)Jie, melting at 115^, 

2 ytttt’W I mfth >,'!•■ fie tiio I >/ht nztylulf arhi jij/urir Atid. — 2Piie^. 

4 <> Mtlm rr^MiiethvirnedioxyhenzylideneoxazoIoiie, obtaine<i Ir 
ttitro}>iperiJiial in the manner just descriljed, >sfa8 dissolved i L 
gl;n lal acetir arid, and concentrated hydrochloric acid aiidi-i . 
Hurii fjuintity that the substance only just remained in .solm: : 
'Pile mtvtnrr w.is tiu-n iioileil during ten miniiteH, ccMjled, am'; * -> 
rryd ils winch s/'jnrated collecte*! and rrystallise<l from aceti*- a 
from whicii llu‘ intro :u'id si-fiarates in yellow neeilles, iiirh:- 
at 215 

(I210S g.iv.' 0 1120 CO. ami (KMh'H n.,0. C ::^r>7-2; 11-5 :; 
Cj.Il,,O.N , rci[\nres C' ' 57‘!i ; H - 3‘3 ]>er cent. 

We were not aucceviful m om attempts to hydrolyse this i' 
further. In an experiment in which tiie acid was boiled with h.'i'- 
{■•'lit alroimlic sul|)iiitric acid, tlie tfht^I ester was obtained, .c 
iliiH sej>aratrs t'lom acetic acid in yellow needles, inelts at !’• 
and IS sparingly soluble in tlu* usual organic solvents: 

oint rave u:io8l CO. and 0 0554 1!/). 0-594; H I ,! 

' teipiires C 59 '4 ; II -4'2 per cent. 

Tile authors wish to st,ito tliat much of the expense of t: - 
research was met by granU from the Kesearch Funds of the h y- 
^mdety and Chemical Society. 

Tiik UMvrKHnic^ of UiFoi.n am> SrnsrY. 
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( t X I V. — I • *2 - Di ktto 0 imeth oxijhijilri ndtm\ 

■U William Hesby Plkkin, jun , Walt kb Mobhkll Kohkhts, Miui 
Robeut Robinson. 


\ A former communk'niun Uie authors (T., 191 L\ 101, have 
ribed a convenient iuoUickI of prodiu-inj; I : 2 dtketolivdriudemv 
lively, the hydrolysis of rooutrosol hydrin done, by means of 
j jc-iklshyde anti hydrorldoru- ni'ui, lids [)ruiVr:^ has now betui 
,,.T 'ird wi*h even bettor rosulU to tlio preparat ioTi of 1 : 2 tfilYfo 
i -it fft ft ho rifhytf rl mfr uf I j and of \ h A>fnrfht/lr fir 

V : subsiaiiLt'S winch may very {»rol)aldv find an 

'jp'uation in solving the diOicult problem of the synthesk of 
rjinm and its derivatives. 

*^ 7 j 0 pro|>ertio8 of the dimothoxy di ketone are similar to thos*^ of 
. i.iiriit substance; thus the 2-monoxime is produced 1)V reaction 
;L one molecule of iiytlroxylamine ; o.xiilatiou willl !ivdro:;en 
yields 2 cat bo.w -1 : .Mlimet howplienviacetic acid (lib 
. ;\i fhr>( t/ifiJr!Uitfnifroi,f!ifir (III) is forituM] by con 

' !;Mition with o-| henvIenCHliamiiie : 


UO 

Uf 


co- 

rn 


>Vi) 


McO; 

MeO. 


"CO, II 
dll -(khK 


MeO 

SIoO. 


CM, N 

ID HI.) nil.) 

] 2 diketuhydrindem^ are reactive ketonois which enter with 
into various condemnations, and we investigated esjieeiallv tlie 
ndensitum of 1 ; 2 diketo -a : (Iflitnetlioxyliydrindene with 5:fedi 
< h! o\y Mivdrindone, which should [iroduce the indigol in like 
-Ir-tance (IV): 


MeC'^ CO-^ .. . " OMo 

MeO. ' f’llj, ()M« 

fiv,) 

Kqiii molecular pioportiuns of tlie ((unjjoncMits were dissolved in 
er sufTicient acpti<- acid .and wanned on the steam hath witli hydro 
) nric acid (half the volume of the mixture). The (*ondensation 
onltici separated, and the liquid became lillcsl with black, micro 
pe* cryst^iU, which were collected. This substance a[)peared to 
^ a hydrochloride, and was changed to a dark brownish red com 
•and hy aqueous Hodiiim acetate. Tt dissolved in coticetitrate<l 
sphuric acid to an intense indigo-bluo Holutiori. "i’lie compound 
very sparingly soluble, and separated from pyridine solution 
i ujicro.scopic cryst.ala, but no analysis that was nvade of it gave 
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iitufMtory figurw. Our f»ilure to obUin thu compound iu i 
pure cotidilioi. ra»y !«• du* to it* admixture with anhydnbUA ; 
dikfJ'>h-^>J,m' 0 >''ryh,jdru,drnc (V), which wa* easily obUine.i i, 
the titiou of piperidine on 1 .2-diketo-5 ;6-dim*thoxyhydrin,!,,. 
(me p. ‘J 40 S): 

Mfc<> ^ 

Me<) 

|Ve) 

Expeuimental. 

[ : '1 hiktti) 5 : G dnntthoxyhijdriuiltrif (I). 

! 4 ^;Nitrwr>rj ;G dirnetiioxy i-hydrindoue (10 grams) (Perkin ari 
UubtiiMjn, T,, 91, lOSl) Is mixed with formaldehyde (U'i r 

of 40 fX'r cent. af]Ueous solution) and concentrated hydros Mt,. 
arid (n c.r ), and the liejuid iiealed to incipient boiling while Ir-!',; 
rontiritully stirrrtl. The iVonilroeo-compound passes into con.|4>^t- 
•M^lution, and aluMMi itnrnediately the diketone begins to eepaisic 
ah a l>rownish yellow, crystalline powder. After gently hoatc - 
during hiiif an hour tlio mixture is cooled, diluted with water, art 
the solid collected, waslied with water, and dried at Ti.r 

virid is practically (jUantitative. The substance is beet cry'stalny- 
Worn lienzcnc, and is obtained in golden-yellow plates meltit^g 4 ; 
187^, witli [previous softening at 160 — 165®. It is readily holuh 
in chlorofonn, but sparingly so in most organic solvents. Unlst 
I : diketohydriiulmc, it may be crystallised unchanged fr.r 
methyl or ethyl alcoloTs: 

trl'jTl gave 0 J'JSt O), and 0 0579 H.>0, C-64'0; H 5 1 
r«'|uirr 8 (’ “64T; II — 4'9 per cent. 

(’old ><'dium rarbon.ate solution does not affect the substam-r, b..‘. 
on boiling it is gradually dissolved to a greenish-brown soluti 
frmii wliii'li, if con rtuit rated, a green solid separates, and 
uiichangeil dikeUme is obtained on acidification. With rk . 
livdroxi<le the aliovr re.o-tion is obtained in the cold, whilst, 
"lH>iliiig, the jwdution whicli is first green becomes browm and tl;* 
gnvn again It is ordy from the cold solution in ])otassiuin i.y i: 
oxide lliat the dikelone can be regenerated on acidification. 

(i.'if^Vi/rocn ,5 :('i dmrthuxif-\'h}jdrindQne ), — This denv-itit* 
is olilained when the di ketone is heated wdth hydroxylamine hydr 
chlnrido (l .t mola ) and sodium acetate in alcoholic solution T;* 
crystalline precifiitate obtained on cooling the solution was colh^te: 
and rerrysUllised from alcohol. The substance melted and deo;:: 
|>osed at ‘Jd5®,^and its melting point was not lowered by adniiviy^* 
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«itb in quantity of pure •*ouitroso-5 : 6-<iimetlioxy4-hydrin- 
(T., 1907, 91, 1091). From tliis result wo coucUido that of tlio 
caiDonyi groups iu 1 :2diketo-6 ; OHlimoUioxyhydnudono, that 
;« ihe ^poeition i* the more reactive, and the more Hkely to enter 
Qio ai! kinds of condensation reactions. 

5 ; ^Dimtthoxyif\dtnoquinoxnUne (III). 

} : :^-Diketo>5 : 6 dimethoxyhydrindene (21 grains) and 
,;/ht‘nyIenediaiiuue (1 ! grams) were logetljer dis>olve<l iu hot ethyl 
.dioliol (5 C.C.). The crystalline product, obtained <ui cooling the 
K>iuiion, was collected and recrysUUised from etlivl alcohol. The 
‘Under, yellow needles melt at 177 — 179°: 

.11196 gave 0-3200 CO, and 00^43 11,0. C 73 0; 11 5 0. 

requires C- 73 4 ; II™ 5 0 per cent 

This substance is rather sparingly soluhle, and can be crystallised 
;:T>m most solvents. It dissolves in sulphuric acid to a deep violet 
from which a bright orange sulphate separates on the 
vJ.iition of water, and orange salts are also formed when the 
itiiiioxaline is treated with dilute mineral acids. The fcrrichlorido 
Mhtained in the usual way is a brown, inicrocrystaliine jmwder. 
The hase itself exhibit's a strong bluish-violet llnoresienre in 
hcoholic or beneenc solution. 


Oxidution of I \ '2> l)iketo-h .^d^mt thoxyhiidrnidrnf. 

Ill common with other di ketones, for example, henzil and plien 
aiitliraquinone, this diket<jliydrin<leii6 is readily aUacko<i by 
l.vdrogen peroxide, and in this instance tlie oxiilation is readily 
di^cled, when the sulxitiince is warmed on tlio steam-balh with 
dilute alkali and an excess of the reagent, until the yellow colour 
i;Mp[>cars. The solution was cooled, treale<l with hydrochloric acifl, 
:.ad the precipitate collected. Tlie substance was crystallised from 
'''iter, and was found to melt at 21.V-, and to l)e comjdctely identical 
■ui!i L* carboxy-4 :5-diinethoxyphenylacetic a('id (IT), one of the 
•\idation products of trirnetliylbrazilin (Perkin, T., 1902, 81 , 
i The substance obtained by the above oxidation of tlie 
dikptone. when mixed wiili a sjH^cimen which had been obtained by 
’ii!' action of phosphorous pcntachloridc on zjonitroso 5 : 6 di- 
rvihoxy-l-hydrindone (Perkin and Robinson, T., 1907, 91 , 1082) 
'ri^^lted * at 215° (Found, C-55‘1 ; H- 5*2. re(juire.s 

f’ 55 0; H~5 0 per cent.). 
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.\nh>j*irohi4 I . b : ^dtincthoxyhydrindene (V). 

Ttttt prfxluct in obtained by boiling 1 :2-dikeio , 

aifn<&tboxyhv<irin‘le!i*- with a few drop* of piperidine in alcoh-i. 
»<dulioii or by pa?*^iriK hydroi'eu chloride into the alcoholic solut; .• 
In either f:a«e the brownish red product was collected and puri:;> 
by extraction with boiling alcohol, when a very sparingly wilu) 
red s*ibsLi£L<e reniriine^i, which could not be cr)’glalli6e<i, althoii> 
H distitK ^Iv <Tv?*ialline to the touch and in appearance. ]% 
fnliiti^/ii ifj <otii»‘nt rated sulphuric aci<l is bright cherry red, i!.; 
y!")c!*. a rlcir yellow liquid on <liIutiori with water; 
if IIH'J cave 0 liltol fO. iiwi 0 O40C H.O. C Gb O; H 4 7 
(’.,,11^. ti' requires (' ti7'0; H 4'G |)er cent. 

I ' f>t 'i b fn r th )flr ftrdw j tjhydrimlfuf , 

■lui '.uiin . IS prtqjarcil from i^onitroso^u : G niethyieuediii.x . ; 
hvilriii'bui** ((b jkiri and Kf)l)insf)n, T,, 1907, 91 , 1085) by tl- 
riipulind alriM'iv d'-mbed in the ca^-e of the correspondin-.' ; 
incih<»x V cosMpoiuMl (f) > 101 ) 1 , It crystallises from Wiizem- 

tjcddfi! v* iiip'.v n*‘ertl»'S, wliich soften at 14 M^ ami melt at IGG \ f 
the yifld obtaimd win item* than 9U j>er cent, of the theoreti<M! 

0 1.479 gavM <i HITj CO, and 00484 IM). C - 62-8; II 41. 

Cj,JI,pj r»‘quires (; ^3 2 ; H 3 2 per cent. 
lOiis siib.^tarue is latluT less sf»lui)l(‘ in organic solvents than r - 
corresfMMidiMg iliint-l hox v ib-rivat ive. Its liehaviour witli MHiiu; 
carlsnnite arnl piptassiuiu hydroxide is similar to that deserr!- j 
in the ra.si' f>f 1 : 2 dikeU^^liinetlioxyhydrindene. With liydrnxy.' 
amine hydrorliloi iilo ami soilium acetate in alcoholic solutu* 
tho ^ moriipx itiic was la-arlilv obtained, and melted and ilecf ' 
po-icd at !130 \ ( iihcr alt>m* or mixiHl w’ith rt specimen of iVmitrc?-' 
.’I t' mcthyien*-dio\y 1 livdrindom,' which liad iieen obtained fro: 

• ’ t'> met iiy Icncbox V 1 fi v<lrimioiic liv tlic actinn of /ioamy] ml;.' 
and \iydroch\cn* ;irid (bic, cif . p. 


: b M ^ Oitfj f u< <i H ki fiimh- not ffiifiu. Tilt }Uf\ 

N 




' ■ ^ 

\ /V / 

Cil., N 


When 1 : 2 diketo a : G rnethvlenedioxyhydrindene (2 grams) w v 
heat<etl with oqdjenvlenediatnine (1 gram) in alcoholic soluticr. 
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.,ralriisatioa oct-urretl itiinuKliate]v\ ami J g ui ihe jnotiut i 

obUine.1 oil cooling ihe Tlit^ ^uiuoxdluic crvstalhj^v.-^ 

run; alt'oHol in yellow net^illc^ melting at. ‘201 20%^\ ami is sjinr 
soluble in organic ^^jlvents m ilm c»>Kl : 

!'j7j gave 0 3-138 CO. ami 0 0171 II (b ::j , , {{ \ \ 

O.Jlj/XX. re^^uircs C 73 3 ; ll 3 8 pur omt. 

Tiie r«nceiUrato<l alcohoUr ^olulnm exhibits a giivii lUiorescence, 
at I lie dilute solut ion in benzejm shows an intens<> violet lhjor<v^- 
H.e. With dilute mineral acids, orange salts are prodmaMi, whilst 
: roravntrated sulphuric ami hvdrmdilorn acid> hahicliroimsm is 
vi.Onted, tho solutions heing hluish-violet ami reddish violet respec 
viw. and yielding the orange salts on dilution muIi water. Cun 
titrated ferric chloride acting on the solution of the i>aM^ in acetic 
d hydrochloric acids prodiiivs the fmirfilnrufr, wliich si'parattv^ 
'lender, yellow needles. 

Tmi I'.vtvrtisrnts or Oxroui) anji Svfis*cr. 


iVXXV. — The Isttrnerisin of (hv iKamfs. l*(trt V, 
\ n - MHhLKryh ( nr . fjliliKOrnt \ Vnuill ' nourtnir , n/o/ 1 V/vf/h- 
( ihiiKnrae . 

Hy Oscar Lisi.n HnAnv and FitKiiKturK Pkio y hi nn. 

Whilst ortho- and para mcthuxyhcn/.aldoximes aw w.-ll known, 
*!:e iiii'la-coniponnd does not seem to have Immmi des^nihed. In view 
i their attempts to elucidate tlio [)rohleiiis connected with the 
-am-rism of the oximes, tlie authors are of tlie opinion that it is 
KisMiitageous to study the variously suhslitufed l)enxaid<JximeH as 
^•^-fiipletely as possible, and it is therefore of import a me (hat tfie 
f-ffn'l of the position of each substituent should U* consideriMl 
' -anpare this voh, p. 831). Additional inb-rest is given to 
. mcthoxyhenzaldoxime and iu acetyl derivative, since Ihrongli 
Micrn the position of the acetyl group in Urn acetyl ‘lerivative of 
hydroxy})eiizaldoxime may he ascertaitied {lor. ciL). 
'■:-.Methoxybenzrt«^ml(loxitnc is rea<lily obtained from w niethoxy- 
^•nwldehyde, and closely resembles the o- and /Mnetlioxylienr/m/.- 
• h^xmies. On treatment with acetic anhydride and sodium car- 
' L'itc solution it yields an acetyl derivative, tliereby sliowing that 
jKjssesses the o/i/i-configuraiion. Whilst />-methoxyl^ju.vm 
•^.aoxime (aiiis^ynaldoxime) is comparatively easy to obuin in the 
State, o-njethoxyl>€nzairIoxime exists only in the antliorm, all 



2410 


ORADV AXD IKTJfX: 


fttt 4 »npU to oWiri a «econd womerid© having 80 far failed {loe. 
Although it baa not been found j>oi«bIe to isolate m-methoxybtfj 
♦y«aldoxime, there »s a certain amount of evidence that it 
in the oil obuineci on decomposing the hydrochloride of the 
with jwxtium carbonate solution. This oil does not crystallise 
at low temperatures and after Beetling with m*meihoxyben^;n:,. 
aldoxime, although after keeping for four days it solidifies and 
ronmnu entirely of m methoxybenM/ifialduxime. Treatment* of •;> 
oil with acetic anhydride and sodium carbonate solution * 
rprtain amount of m methoxyUnzonitrile, in addition to a-rt;., 
mniethoxybeiiz/i/i^t 3 id.>.rime, the proportions being roughly on.-, 
four- This cannot uken as definitely esUblishing the pre>>.-r » 
of the 4 VO comjmund in the oil, since the an <i oxime also yields n ; . 
nitrile under similar conditions, although in not nearly so lar^^ i 
ijuanlity. 

But "few disubHiiiuted lienzaldoximes have been closely stwii-d 
although 3 :4 (li«.hlor<iUuizaldoxime (Erdmann and Schwtcdur- 
Annairn, IBOO, 260, GO), piperoiialdoxime (Hantzsch, Znu..> 
phytthil. Chrm., 1804, 13, 5‘JG}, and mesitylaldoxone (Hant?.. 
and I.uciw, Itrr , 180d, 28, 715) have been obtained in two 
Vanillinoxime and vf-ratraldoxime have been described (Lach, H-f 
IW, 16, 178f,; Fulda, MomitAk., 100L\ 23, 913), but the quc^: r 
tfi thf^ Ijf a iso me ride of these compounds doe-^ - 

«c«m to liave bt^eti fully investigated, and the authors have tlu-rt : - ■* 
turned tlieir attention to this matter. 

Vanillinoximo (4 liyilroxy-S-methoxylieiizaldoxinie) might U h 
pectfvi rewuiihle /> liydroxylienzaldoxime in some respecUs. T.'> 
analogy is lH>riu> out Ijy the i>eIiavioiir of this compound w,:.. 
ftcetii' anhydride; trealnieriL with acetic anhydride and 
carbonate stdulion yields a diacetyl derivative, thus estabhdi::; 
the u«ri configuraliun of the oxime, whilst solution in warm 
anhydride and subsequent evaporation of excess of the reagiUii : 
a vacuum gives a rnorioacetyl derivative (compare Brady and iHit. 
lor. i'it,). Vanillinoximo, however, differs from p'hydroxybciiz-i : 
oxime in that in flie munoacetyl derivative the oximino- and n< t ■ * 
phenolic group is arctylatod. 

Vanillinoximo readily furms a hydrochloride in the usual am;* 
but on decoDiposing this compound with sodium carbonate syiuti 
the original uo/i oxime is obtained, aa would be expecto<i tr*- 
analogy to the hydroxylienzaldoxiines (Brady and Dunn, lor. 

The hydrwhloride of veratraldoxime behaves similarly to '' 
ni'methoxylwnialdoximc. On decomposing with sodium carbi iiii* 
solution an oil is first formed which, on being scratched, soon 
to a solid melting at about 56®; the i?n/»-oxime melts at 
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of this substance of low melting point wiUi areUc 
ujhytirid^ sod sodium carbonate sohiliou yields a mixture of 
I 4 .limethoxybeniomtrile (voratronitrile) and acvtyl 3 ; 1 diiiiHli 
iivl^eMaWoxime (acetylveratraldoximo). the latter, however, 
jrtatly predominating. Under similar coiulitiuna the on fi oxime 
j’sD yields » wnall quantity of Uie nitrile with the acetyl derivative. 

twelve hours the melting point was found to liave risen from 
ur to 83^ and on recrystalUsation all fractions oonsist^xl of the 
5 ,,j*-oxime. This result was always ohuiiied; it may be that tlie 
in melting point is tnerely due to the sul>st.am’e l>ocomiug fre<^ 
roiii moisture, but it is possible that the h)w melting point is due 
4 > ihe presence of a small (|uantitv of Uie «vn-i.someride, which is 

itiitable. 

The position of tho acetyl group in the acetyl <lerivalive of 
- hydroxybenialdoxime and in Liie mu noacetyl derivative of 
iniltlnoxime has also been investigate^!. In the first case Uie 
.ftriyi derivative of mdiydroxyhenwldoxime was methylated with 
!:rt{iyl iodide and dry silver oxide in dry ethereal solution. It 
I as nut, however, possible to show tlint tlie subsUnce so obtained 
(as identical with the acetyl derivative of m inetlmxyUmxrtnfrald- 
i.-ne as obtained from m meUioxyhenx(;/j/7aI(loxirno and acetic 
:s:iydride, as the product in each case was an iincrystallisable oil. 
i nr ixdling points could not be delorminiNl, ns tluw comjKuinda 
irt'ujiipose on Ixiiling under tho ordinary pressure. On liydrolysis 
f the raethyUtinn product, however, m-rnetlioxyben/aldoxiiMo was 
'uined, thus establishing that, as in tlie caso of (he ortho* ami 
a iiistinction from the para-eompound, the acetyl derivative of 
diydruxyl>enzaldoxime has tlie oxiininogrouj) acetylated (compare 
iriily and Dunn, loc, rif.): 
OlldVIj-CHINOAc-^OMe-C’ftll^'ClIINOAc^ 

oMe*c,ii,-ci!:Non. 

Die possibility that the plie nolle group was acelylated, and that- 
.'.d(T tlie conditions of the experiment the acetyl grouji w,'is 
and the methyl group substituted is obviated by tho fact 
.'ist tlie oximino-grnup would a!s<> have l>een methvlate<i, as 
•a.nlH)xybonzaldoxime readily yields tlio 0 inetliyl e(,lmr (in. p. 

■> ) under similar conditions. Sinc>e by acting on m* hydroxy 
•■sialdoxide with acetic anhydride followed by sodium carbonate* 
•ejtion live oximino-group is acctylate<l and m hydroxylHrnzonilrile 
^ not produced, it follows that this oxime possesses the an(i- 
' *1 figuration. 

''ith the monoacetyi derivative of vaiiillinoximo tho task prover] 
'■rfi difficult, as the method employed alxive faile^l to yield a 
D‘*l^lHne product; a second metiiod of solving the question sug 
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..H.nely. to »buin the »rl»n.Un^der.«t.v. 

I.v ACt.uK on vanillin with ,.henylcarbimide, preiian,., o 
thiv, auil avetylating. Then if m the acetyl deru • 

„f vanillmoaiine the „x.m.no.i;rou|> .5 acelyla^ U follows th.' ■, 
ohuiue-l wocht 1* identical with tl.e prciucl ; . . 

a.ti'm of phei.vicarhimido oil ino.ioacelylvanilliiioxDiie: 

s nphi'< ^ 

O|^(Vi.i0y.rCMi:aNO.Xc^0H'C,H3(0MerCH:K0ir 

Tine tnelhiel, however, prove-l unsucceeaful, aa on treating m , 
,„ai..ovan.!l..i with iiydroxylanune hydrolyaia occurre. ev-e 
,1,., cold with the priKliiclioii of diphe.iylcarbamide and va,, 
,„„„e Thia waa iiiiexpeclc-l, aa the authora have found that o, 
,.arl«.iiliii.,derivat,v<^ of the hydroxybeiitaldehydes ca„ , 
«.,„ate.l witfioiil elaicial [.recaulioiia These compound, will If, 
tlie jubjccl of a Kulsieinieiit coiiiimiriication. 

An.ilher method of atlaeiting the problem was the prcparaiioe 
.netovaiiillinoxime. l)Ae-C,,U,(OMo)-Cn;NOll, by oxin.at.ng ,o. 
vanillin and showing tlial this compound is either different i. c 
or the liaiiie as the a.elyl derivative of vanillinoxime. 

An un.rVHlallisable oil was obuinesl by this niethml, but tf. 
IS, liowever, eoriMderable evidence to show that the Bul-I . 
obtaine.l was .leeiovanillinoxime, namely, its hydrolysis by ,i.-: 
to arelie and and vanillinoxime, and the formation of a I ; : 
eldonde 111 the usual wav which regenerale.1 the oil on frealt. 
with sisluin. earbonate soli, lion. As this coinpo.iiid is not so- 
lo tlie aeelvlvaiiillinoxi ny the acetylation of the -o. • 

it woiihl .ipi-ear that in the latter compound it is the oximiiio -i 
ibat os acelvlated. Moreover, the analogous tiehavioiir of lo . 
a.etvIvanilliMoxime and acetylsalicylahloxime on treatment »' 
hydrogen chlon-le iii ethere.il solution fontirni.s tins conclusi.-r, - 
{‘nrl ). 

Kjtl‘EKIMENTAL. 


m .\f ft ho XI/ h(:rt:.\ ntinbioxi nir. 

m Mt'thoxyiHMixiildeliyfle was disiwilved in alcohol, a ml to n 
\ \ t'^uivah nta oi hydroxydaiuine hydrochloride and 2 • 

leuts ut skxhuin liydroxidV, cu h disMydved in a small quaiu.iy ■ 
water. The mixture was lelt for twenty-four hours, then n. i> 
with water, and tlm ml whicli sej.arat^l was extracto<l witli eti- 
Aftor removing the ether, the oil was left overnight on 
it H*diditi<sl to a crystalline mass. This was pressed on a p ^ 
pUU\ and rqin'ystsdli.vd from benzene and light petroleum 
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forms colourlo^^ crysUls, melting at 

i ..^0^ : 

> 1151 g*v® 0*2678 CO^ and 0 0634 HjO. 0 - 63 3; 11 -61. 

3301 „ 05244 Agl. OMe = 20 9. 

(;J1,0*N requires C~635; 5 9; OMv JO 5 per cent. 

UY:^f*m-iwe^At>xy5fn3anU<i/</oi-»mr. — Tiie oxime was dissolved in 
;utxierate excess of warm acetic anhydride and left for three 
in a vacuum over conceutrate<i sulphuric acid auvl calcium 
vdroxide. At the end of that time tlie iicjuui no longer had the 
‘..car of acetic anhydride, but did not solidify even at - 25’^. As 
.r acetyl derivatives of the oximes are often decomjwstHi on dist il 
,*ivn» a portion of the liquid was left over potassium hydroxide 
:i y^veral weeks, and the acetyl group determined in this specimen 
V \. U- Perkin’s method : 

.-'jo54 required 6 1 c.c. A/'J KOil. Ac 21 7. 

CjjHiiOjN requires Ac -22 2 per cent. 


ct ftoj-^brnz»ynnli/itTniir. 

• Methoxybemsf/nfialdoxime was rlissolved in <lry ether, and the 
...iian saturated with dry liydrogen chloride. A copious, wliiu^ 
rnipilate was obtained, whieli was dried on a pt^mna plate. This 
.,Jruchlonde melts at 110 112 3 A chlorine detenninalion wa.s 

I jrt by decomposing the hydriu hloride witli sixlium hydm.xide, 
.iiiving with nitric acid, and estimating: the iidnriiie vulnmetri 
i’ly 

' aoj-t refjuired 15'7 c.c. >’/10-AgNO^. t‘l is I. 

CgHjOgNfllCl requires Cl S jjer lent. 

0:j decomposing tho hydrochloride with widium carbonate aolu 
n, extracting tJie oil so foniu^l with ether, and then removing 
ether with a current of air, an uncrystallisahie oil was obtairnal, 
:;.. !! ilid not solidify in a freezing mixture. A jiorlion, kept in a 
•'.Al itor over potassium hydroxide for four days, on cooling in 
to a solid mass of m nietiioxybenzo/i/ialdoxinie. Another 
fti n was at once treated with acetic anhydride, and the reaction 
:\!’jre ilecompo8e<i with sodium carbonate solution. Thi.s treat 
• un’erts lyn-oxime into nitrile and n/ift-oximo into the on^t- 
‘tyi -ierivative. As lx)lh these compounds are oiU ami Urn acetyl 
':;vative would readily decompose on di.stillalion, giving tfi*' 
'rue. it was impossible to separate them. The mixture wa.s there 
re boded with a solution of potassium hydroxide under rellux for 
-rty minutes; there was a copious evolution of amrnofiia, indicat- 
J the prince of nitrile, and the oil disso]ve<l completely. The 
•*tion, which contained the scKiium salt of the n/i^-oxirne and 
V'»!., (7V. 


i s 
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ot m mfcUioxy^i^nioic (obUin^^i from the nitrile), wa* xcm. 
ma^je alkaline with sodium carbottaU;, and extracted with 
In this way the oxime was remove^l and recovered from the 
exlfjw’t. The a^jUf-ous solution was aciddie^l, and the w met? 
l^mroic a. id extract^*! witfi ether It was found that a litth. 
than 1 grarri of the and was obtaine<l and 4 grams of tlie o, 

It w^ms, therefore, that aU>ut one-fifth of the acetylation |.r , 

,-rmitats of m-methoxyhenzornirile. That so large a quanti v , 
lormwl lieerfiA to indnoiU^ rhe |jreseiice rd a certain ainouM 
^y/i-fjxirne la the original oil. This would account for the < 
cry*talli.sing when fir^^t iirei)are<l. Tlie course of the re..,-; 
•Je>j 4 rilj[e<l aUiVe is foil-^ws. 


OMe Cjl/rll , 
HoN 

m MfUiot) ’i ' 

i k 

: ^ kmii 

A<‘WN 

.\rr\.y\ ril-tt .VV 
frti ■' 


r- riir'ttMXvUrUAl'i'O-ltli.', 


OMeCyi. M 


rrt MfclS jS \ 


N*<!i 

»fi M»‘thi>Tyl=r .■ 

sUloX 

\ ArJi 

OMe-r*H/rN 

niinh 

laixniM'.re iT, 1'^%, 69. nOj ha.s >hown that the hydro<h; ■ 
<4* h»oi/.al<li>xifim (MJ. |>. lu:i lOsO ), wiiii'li regenerates llo' 
rtxinK* on Ire.ttnicnt with anunonia and ice, is converted, on ri\ 
Iisatton, into the iiytir<Kdiloride (m. ]>. hb - G7 '), which yielu- 
/vn oxifup on Hintilar treatment. Hence it was Uumgiit advi>ai :■ • 
trv the ffTf. t of rccrystallising tin* .i}>ove hydrochloride, ‘ 

formation ol ihc mixture ot tlie (inH- ami f>/n oximes might 'm- 
tn tio* precipilaltnn of two hylrochlorhles. Rvciy.stalliiiaUnn. : 
t'Vf-r, of the iiydroi liloridp from i:hhtrot*)rm and light pel rol*‘aif, • 
not alTecl its nieltiiig point or other [trojmrties. 


nf fi -/iirn.jni ( ‘hloruh on yomllinoiimt. 

Tiie vanilhnoxime was jirepare^i in the usual way, ami reciN- 
lised from I'^ ruvm* and light petroleum. The compound w.t' - 
in dry ether, and Lin- ^dution saturated with firy livd: 
chloride, wlien a pile yellow /i vf/roeft/orn/#', meltiug at l-ht 
precipitated : 

(I 31 "h ret) lured 1 * - i c.c. A , I'^-AgNtAj. Cl “ 17 ' 3 . 

thH,t)^N.HCl rerjuires Cl 17 4 per cent. 

When this compoumi was decnnip<ise<l with swjdiuiil carlo; 
solution, a small ipiantuv nf solid remained, which proved ^ ' " 
vanilhnoxinui (m. p. ll' d ; the greater part of the oxime, howeo: 
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, »ad wa» e^xtract^i with ether, and after removal of the 

♦ rf th« product was found to be the original vanininoxime. 

JUtmoficett/lvoniiliixtj ntir. 

VinilHnoxinid was dissolveti in excess of cold ttcetio anhydride, 
j i ih& solution left for some weeks over Ooncentratetl sulphunc 
„.i aud calcium liydroxide in a vaciunn. At the end of tliat time 
.,,*4 of the excess of acetic anliydiide )iad volatiliseil, and tlie 
v'lvl derivative had separated in nodules of net^Ue sliapi^l crystals, 
rcae were pre^oil on a porous plate and recrystal list'd from dilute 
when colourless nee<lles melting at IM" were ubtaiued ; 

]i'4- gaveO‘-lf>^> 0 UlltS H..O. (* a7 d; H - a d 

, t^^0 „ l4'ti c.c, Nj at llti and 757 nun. N 0 *d. 

. :u07 „ 0-2320 Agl. OMe 14 S. 

■ .JI,jU 4 K requires C- 67-4 ; 11 ;V2, N Li 7 , DMe M \S jmt cent. 

i;.r action of dry hydrogen chloride on tins compound in dry 
\u<-r reijembles that of tiiiH reagent on the acetyl <lerivative of 
i , vl.ildoxime (compare Brady and nunu, Inr. rO.). At first no 
. change takes place, but after s<niu* ten nunnles the Inpud 
ridually becomes deep red. No hydrochloride is, however, 

but, after some lime, a small ipiantily of a dark red 
tjpiitind IS precipitated, llio yield, however, licing Iimi sumH t^i 
-jcist of investigation. The similarity of tlie India vionr of mono 
i < t vivamllinoximo in this respect (o ai'el ylsahcvlahlnxime suggesls 
i. u t!M‘ acetyl group occupies llie same position ni thes4» rom pounds, 
!. .t IS the oxiniino- and not the phenolic grouj) is acelylatnl. In 
.■ , .iv uf the mnnoaretyl <h*rivative of p liydroxylM-ny.aldoxiine the 
r,< rve IS Uie case, and a hydrochloride of y> acel^ixylwMixaldoxime is 
oapitaled on treatment of an etliereal solution with <iry liydrogen 
i ride (compare Hradv and Dunn, /oc. nt.). It has not lieen 
Uid possible so far to deterniLno the conditions under wdin h the 
^ ic‘.mponn‘d des<'ribe<l above is formed, or to prejiaro any quantity 
f i’, and the authors are not alile to offer any suggestion as to 
> iermation. 


nunll ui<iT\ni r. 

\ .iiuilmoxitne was disscjlved in warm acetic anhydride, ami the 
‘■i'll allowwi to remain for ten minutes, when it was shaken 
■ a sodium carbonate solution until it no longer possessed the 
; jf oj acetic anhydriile. Tli ‘ solid wliicli had wq»arat-ed was 
wRshe<l, and rccrysLallisC'd from dilute alcohol, wdien it 
pirated in very pale rose- pink need leg melting at 0b% : 

7 s 2 
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,, CO, aud 0 0594 Hp. C = 5T 0; H = 5. 

. 10 0c.c.NUt20^and 756 .n.o. N = 5o. 

<j 3010 ,. 0 3409 Agl. OMe-19 4. . . , 

N KHiiires C = 5i 3; H ol,^ ou, e . p* . 

r.,rha,uUnu,,xn.ilu,, C,14-.VH-CO,-C,U,(0Me)-CU(» 

wa* .ii.solv«i dry ' 

,„„K-cular amount of phenylcarbim.de added. The bo, 
tiehtiy rtopiiere-l and left for twenty-four hou«. At the 
that time the srealer portion of Uie carbanilmo-derivati..,. 
.-rytalli^d out 1.1 bunch« of Hue teedte which were c.. 
prLeil on a poroua plate, and recryaUlUsed from »lco , 
urther uuantity waa obuiued by evaporaUng the ethereal 
in a oirrtnl of dry air. Carbanilwieauilhn crystallisea in 
leKt nctidlc.-. melting at 110-117°: 

0 3190 gave 17 U c.c. N, at 24° and 750 mm. N = 5'4. 

CjjHijOjN retiuirea N = 5-2 per cent 

I„ attempting to prepare the oxime this compound was di-. 

alcohol and hvdro.xylamine hydrochloride (I'd inols.), ami > 
hydroxi.le (1 mol , insuflkient to decompose all the liydn.x. 
hvdrieiiloride in or.ler to avoid free sodium hydroxide . 
ai'liition; were a.ided, each l*ing dissolved 1.1 a litlle wal.r 
nuxluro wins left lor twenty four hours in the ice-cliest. Im 
rwl pioduot was d, Intel, and the small quantity of solid i 
which sep.ir..te<l was collecUxl. On crystallisation thi.s soini t 
to he diphe.iylcarbamide (m. p. 232°), a product of bydrolv. ■ 

NHl*irl’o,*(’pnq(OM4‘)*('110 r liiO- 

OH-tVU3(OMft)*CUO + NilVur( 

■J N H 1*1 1 • CO 1 n ( xN' H Di ).,CO + CO, II ,0 . 

Tht ;uiun)U.Sralcf>li<)lif s<flution was exlracte^l with etli* r, . 
rlln-r fv, 4 |inrat 4 ‘fl, hut fruin the (htrk-coloumi solid ohtaiu*- 
v.inilUiO'xmu* ami diplivnylcarbamitie could l>e obUna a 
hvtlrulysis oi ill*' oarbaudino-aldehyde under tlieae conditu t- 
iherclort*, Cs ht* practically complete. 


■■ 


ilru 


of II;jfirof/tn Vhlorii^e on Vrra(ral^f>*rtno 

Vevatraldoxime was (»l>taincd in the usual way from m-I’ - 
hyfios and was treattMl in dry vlhereal solution with dry i.y 
chloride A [wilc pink /iyr/rfvc/)/<trn/< was precipitatefl, wlo.' ^ 
at 

0 rofjuired id 0 c.c. .\ / lO-AgNOg. Cl — I6i. 

#-bVl„Ogx\MiCl re<iuires Cl = i6'3 per cent. 
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this hydrochloride on decomposition with ii'e cold soilium cm lu*u 
^ i lution give® an oil which slowly solidifies on scratching. The 
■ -I st about 56 , but after recryst'slbsing from cold bemene 
, I :i^ht petroleum it melts at 88®, and doM not sensibly depress 
^ -siting point of veratraldoxime (m. p, Small quantities 

kt-pt in a desiccator and in the open air for twenty- four hours, 
in each case the melting point rose (o al>ove 8t®, and the 
seemed to be almost pure veratraldo.vime. Treatjjient of 
substance of low melting i>oint with acetic anhvdride, and sub 
..acsitly sodium carbonate wdution, gave a siaall quantitv of 
.fj.., but mainly the acetyl derivative of veratraldoxime, as 
by hydrolysis of the acetylation product with imUasium 
rir xido, ammonia, a very small quantity of <iimethoxybenroic 
i\, and veratraldoxime being the product®. 

AttempU were made to prepare a #yn*oxime from veratraldoxime 
f *!;-:htiy different methods. Chloroform was substitiite<l for ether 
•he preparation of the hydrochloride, but the latter was fuumi 
»>. sfeinble in this solvent, and was precipitated on the addition 
Khcr. The hydrochloride so obUi ned proved to be identical 
;th tint, deacribed above. 

Th^ hydrochloride was fractionally crystallised from chlornfonn 
i eiher in the hope of separating it into two substances (see 
ni-k but without Bu cress, Tt was a bo decotn poser] by adding 

ice cold solution of so<Uum carbonate, on which was Honting 
iv-ref Wnxene, thus en.suring the rapid removal from the sodium 
rkcn.-itc solution of the O-xime as former]. Tlie benzene layer \vas 
Tirated, Hrierl, and light petroleum addw] ; the compound pre 
proved, however, to ho the original nu^coxinic. 

.1 rfiy! rrmfruhlori in r . 

VTitraldoxime wa.s acetylated in the usual way by treatment 
‘ .^citic anhydride and .subsequently with aodium carbonate 
;t;' U to remove excels of the anhydride. T)je acetyl derivative 
i s.r.r vhdify, so tho oil was extracted with ether; after removal 
V;- cl tier the oil, on being roole<l in a freezing mixture and 
'■"■Z 'v'ratched, set to a solid, which was pressed on a porous plate 
{ rccrv-^tallised from light petroleum. Tt forms colourless rTystals 

':dncit68o. 

’ I 'Te gave 0-2318 CO. and 0’0569 H.O. C - 58 9 ; IT ^ 5 9. 
C„HjxO^N requires 59 2; H -5 8 per cent. 

Ethrr of V rrniTnldnrivK . 

^ «^’lution of veratraldoxime in alcohol an equivalent amouul 
dissolved in alcohol was added, followed by anlight excesH 
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,,11 The mixture wax lieated for ten minutes c 
■ ' ‘“i'' L lu.i «Lc.te,i with ether. The ethereal 
11 t hyaroxjde aolulioi 

“■■" t:. ” 

.. , ,1 l),e oilv prmlu.'t .iistilM m a ™rrent of steaiii. 

■ - .IropB, which soon solidified 

'''"" /'^r^h'i rL -ttanL from dilute aleohol, 

I I lour'.-.- uee-iles meltiri? at a»-60=, having a 
r'lth-r u,„de.i«nt .slour, differing ,.i this resp«-t from 
IX, ..tlieis of the which have a pronounced and fro 

XlsUave::iT,..N>.'i^and7i>fi N ■ 7'3. 

1 , , at 2., and ,0b inin. N - , I- 

('. II .<) N reiiiiires N ~"i per cent. 

H tha. ti„.^ is another of those conipounds ,• 

«.v.T,il metho.vyl groups wdiich, owing 1« t ie ornu. 

„:u, , give ahnornoil results by Ih.mas method for de n;. 

„ .-orro,. analv.s..s can he obtained, however if I, 

, „ ,n„e,l with cuprous chloride Wfore introduction ii. 


Dffrnruuifi,,,! r,r fhr !‘ns,tu,,i >, 
* C/mi / i//*e ■, r«m r- rIN// I 


thf' .1 rrftjf (iroiip Vi A 

ti rttfvihliuri fh' 

\,.,.Ul™l.vdio:svhc„r.aldoxnue was dissolved in dry eiP. 
of drv .Ci'vcr oxide and melhyl mdide added, .\ftei s 
Ui'l for same davs llie solution was filtered, and In 

.,,,1 cf .acllivl Iodide were ieniov,'d. The odour,. 

;„„.,v.sl.,lin.al,!e oil w.is bode, I for tlirix- minnlrei with ' .t 
hvdroxi.le, the mixture ac, dined and e.xtracted lutli e a 
removing the ether an oil iv.as obtained, winch sob, died ,n 
mg nuxtnre. ami lircved to tie m nietbo,yb,.|i7.aldox,n,e 
nodiina pom. and coiiipaiason with tba! substance. 

The derivative ol vanillinoxime was treat., 

same wav, but .is no , ryst.lllne , o,n,,onnd cm.ld be ob a. 

was ibamloinsl. aivl an attempt to solve the prol,),' 

llmongli the p.epur,.t.on of acetovanillinn.xitne a conip, 

wlm-li tlie a.elvl .group is undoubtedly attailied to 
bvdroxvl group. elovamlUn, prepared by IVhorr an. 

s', net 1.0,1 ilur . libjtl, 32. 3107), was oxima ed by .1 
,t ,11 al.ohol ami aiMimg hv.iroxylamme hydrocliloride (1 
,.ml so, bum liv.lroxnie (I mol.), eaeb dissolved in a little v 
u.ixtnre Using cooled during the .ad, lit, on. Ttie mixture 
for twentvtbur hours in the ice chest, and was then it i 
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,in<i extract^ with ether. After remuviwg the ether an oil 
cblaineil, which did not iTV^tallise even when conleil to -25^. 
i oil wax left for some weeks in iui e.vh.i listed desiccator over 
. i^ssiuni hydroxide, But did lu'i st^}lldlfy : ii wa.s readily 
yd'le to ie crystallised from tliluted alcoiuil • r ai-etone. i^ooil 
t\\\A for the recrystalli&atioii ul inomnuetYlvaiuJluioxinie, and it 
aa an oil from l>enzene and |>eUo!euin. Atlemjits to 
;;:;ry this substance by means of ilie |.rej*:iiali(m of the liydro 
•u- r. ie were also unsuccessful. Hrv liydro^*on chloride, when 
into a dry ethereal solution of the oil, }»reci(ut,»ti'd a visi*id 
.ir ^idoride, which on treatment with sodium tMrbonate solution 
, , i<-<i an uncrystallisable oil (conipare Brady and Dunn, /or, r;/.). 
Tic’ compound on iiydrolysis witlj 2.V potassium hydroxide yields 
acid and vanilliiioxime ; on exposure to moist air dec'om 
slowly takes place, acetii' (Unl beinij ftjrmed and vanillin 
crystallising out. ihe oil appears to I'onsist mainly of 
'•'■O'VHii i lliMOxiine, Acl)*( and consryjuentlv 

; - . rystalline luonoat'etylvanillinoxime previoiislv deseril*cd must 
the structure HO-C\H,j(OMe)-(;li :N(>A c, 

!;; .-mcluaion, the authors wish i,, express their tlianks to tlit' 
tfv.irv'h Fund ( ommittee *>t the I’liemical Sneiely for a grant 
1 h lias tlefraytHl the expeiiai's of this research, 

HoVAL 1‘oIIKoK i>h SCJKMO, 
i»o- Nikki At (_‘olj.r<;k uk Si iksck ano TnuxeiiPi-i, 

Snern KFN«lS(iTMN, 


t ’( '\ 1 . — 

By Ed(;ak Xkwiikuy. 

lo: whole subject of oviTvoltage, its piopcrties, luagmturle. and 
•o-rnnuing factors, is at preMOil in smdi an mideciiled state, in 
<t e.xtensive researches already c.irritMl out, (h.it the follow 
: w<irk was originally hegun mainly with the iilisi <»f loljnng to 
;‘ 0 * lietween the many difTerent theories put. forward. In the 
' '1 the investigation, however, a nnndaT of new' plienoniena 

i-r^ observe.! for which no existing Iheory < an account. Tim final 
xt.anatiou offered, tlierefore, ernlirace.s sfuno of the jiriinijileH 
- torward in the earlier llieories, Uigo-ther w'llh new determining 
‘•’ rs whicli have been established for the first time in (his work. 
A j'rccise statement oi what is uinb'rstood liy tin* U*rm over 
in this jiaper is first necessary, as different autliors have 
thv term in slightly different iaoises. 
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If .n4 a hydrogen electrod. in dilute aalphurr . , 

te. '.:;:h.;e<i%o fo^ eleeteolytlc f • ^ 

» 1 1 vnlf If now, an h.M.e. oi 1 i volt oe a. >, 

p * a jou ^ j opposition to the cell, the back /. If / 

'rr^r'hv Ufetur W.U neuuali* the applietl poteniUl, a, . , 
„.rrw,t will flow, U the applied potential be now increase-f, 

1 ark K t/ f ’‘■ill also iio rease up to a certain limit, and unt : 

hv the applied i>otential, no permanent uiir-;- 
t ; ,P,W,' Tlos iin ieaw. oi the back E.M J above the iioro,;. 
r, „ .,v.., voiu.., . the ceil as a whole, the increase of poteio..,., 
ele.rtr.eie b-.ng terme.l the aiiietic and cathodic overv 

r..ap.-ctively. 



Tliro.iolioul li.H .:ithn.lio overvolUge is to Iw 

unlivHs til*' u'nistr.iry stati'd. 

i iE/Kjri A liHi:: st‘rii‘s of preliminary experiments :r 
t;irri*’<l "'it i>t i! ! ** it w.uh found possible to suppress li.** ■ 
numU'r tif diHturl>iiii' fncloiH mmountered when measunna: 

volta!»o, 

Tiio form of apparfitus liiudly fouud to be the most acmrt ' 
•^hown in Kii^. 1. 

Tlu' viiriiihl*', itpj.Hi'd E.M.F. wus taken from the movabl-' t’ : 
A* 3 , a I tin tlm polrnt lometer E-,, the current passing .it’ i-i. 
pa\h Af'XM. Tl\e turrent tlciisily was determined by m‘ ti‘ 
the miUianuiu'tt'r .U, and the voltage, when required, by ^ ' 
meter V. ^he cominnutor X, rotating 2500 times a ;; 
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.^rnately m»d« cirruit and broke it, at the same lime con 
the cathode C in a circuit containing' an atvurately c&li- 
metre bridge I\, a galvanometer (/. and a sUndard 
^ ' ;^en electrode //. The galvanometer was a very sensitive 
vrioii-Mather reflecting instrument, and an adjusOible shunt N 
ittached to vary the sensitiveness when required. 

\ Weston cadmium cell H (A’, M.F. 1 '(d8ri volt ) Wius useal as 
v,rd of KM.F. 

\V cn hvdrogen was being lil>erated from if overvoltjige were 
wi*. the potential of (’ should he the skuue as that of the 
!r gen electrode //, The actual difference ol^’rve<l and 
<>1 cared on the potentiometer therefore gave at. unc<* the 
lie overvoltage of the metal C. 

. „f Kxf€rimrf\tt, -'V\\t! following determinations were made 
;h;s series: 

The overvoltage, as far as possible under normal oonditi<ms, 
■ i i! umber of different metals. 

The influence of current density and time, including the 
of breaking the circuit for thdinito intervals 
.. The influence of colloids. 

^ M Tiie production of pliysical changea in tin* surface as rc 
,v.i hv microscopic examination. 

■ ; The influence of high gaseous pre.ssnrrs, 

' Mc.'isurernent of the ionisiition of tlie gas lilnTaUvl. 

.i jt Orrrvnltntje nf J,rnd.- A small rod of jiiire electndyt ic 
. vi 'vas made by casting in a y;lass tnhe, and was partly covered 
= .:'i Inird sealing-wa.y, leaving only 1 sq. cm. e.\poHe<l, 'Phis was 
V i .iH cathode in the apparatus just descrihe<l, the antnle being 
UL’c filatinised platinum plate. 

f; «• solution used was 10 f>er cent, .sulphuric acid in carefullv 
:r, ed conductivity w’ater. 

I' lrr^nt densities of lOO. 200. and 300 rnilliain]»eres per s<i. cm. 
• ns«vl, as it was found that) for riiosl metals tlic cli.aiige of over 
’ ij” with current densitv is small over tliis range 
TL*‘ average of about s^'venly me.asuremcnis * is given Vxdow : 


'■ tiro til dermity 100 200 300 riiil, amps, per wp em. 

“v ncliage .. 0 06 0 Go 0-64 volt- 


Maximum do^-ialion from the average +0‘0.'> vnli. 

.V ioeasurernent of the direct difference of potential between (J 
i // (Fig. 1) was also made, wdiilo flic current was passing by 

* V givati in ilii^ si‘( turn ns-rr* ohSained hy ;iUernat<’ly iiirreaxoig ;itHi 

'^•■xvs g tleM’iirreiit densiti’ l)riwt!<'n 100 ait 1 300 niilli-unpen « m|. rin,, 

' ' x.reii)' ie<[nireil f.>r ftadi leeiing. AHt-r this h.'el Uen fi.Titime-d fnr 
» .! • ininiite^ tSi'! f'lirretit was itit^'i riijiteil, the neOa! t xaniined anti cleaiK d 
' " <s!-uY, and the whole pi ocesa repeated. 
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»imj>ly ih** con > mutator .V. UmW these i ' 

U'»ns th** potential at the rathocle necessary to over^ - 

the hi a him of jjas rouml it is measured in additi . 

the true ov*rrvoltjii;*‘ <ir h.ik-k A..1/,/ , 

Th^ av**rai'*' hi (,’> <it forty rneasureineiita Is as follows: 

< ’ufT*’Oi ih too 2M0 300 rnii. ampa. per iA^. . 

t/ffi-et jK/teiitial , I It} I IJ« 1*44 volta. 

Maxiinutsi UeviAti^<fi ff-m lh>* average +0 20 vult. 

i\f,i r>i rf-i*'n>in> Kx{)eriineiUal details wer- ■ 

-in.e as with lead 

i ufreiit ri. \W 300 iiuh ampK. jkt so. c; 

uven'-liage 007 OOH 0*0^1 vult. 

Mssiftaim -i<'waii<ai fruiu the average ±00l5 volt. 

Tii« vime with voni'aiitaPT sliort-circuiterl : 

< urrtsnt (ietixity UXi 200 300 jiill. aiufjs. }a*r 

UitiJCl (MjtetUtnl thrtfp ri' t- . 0-30 0'6a 0-8S voU. 

MnSiriaiiii (t viatiNii frtun the avi^mge +0-20 volt. 

d'he d I reel I'm of I he eoneut in the experimental cell u . 
verw'd. tiii> smail platinum plate l>ein^ now' tiie aiuxle: 


I'urri fti it lisiiiy UKJ 1*00 3tK) mil. aiii}js. fjt*r &j. , 

Afeatio ov rVi.fr 0'-'>6 0 :M> O .'iftvmU, 

Mit*(iri)om (levirtiuti! from the averng'> +0-01 voU. 

(le) (J> rr, .,i A small yUisa cup 1 srp v'r- 


t r OHS section, s»‘a!e.l rm to a U tube containino mercurv, w a- ' v 
caiim.le, loniiextmi witli the rest of tiie apparatus beitie ; 
by riieiiiH <it .i plalinuiii wire dijquiio in the mercury. 

In tins c.iv' tluTe ajipear to be two .senes of values fur th. 
voltaof^ which coim i |e at very hiijh and very low current fiensr ^ 
hut are wuiely ihver^etit wdtii moderate I'uirent densities. 1;- 
result-s .tic '^iiMwn m (aluiiar form in Section L!, 

I b/i i h r n-''^ ''h!r nf Z-nr, In tliis case, the luetluHi .• 
miMliFivd lu or,h‘i- }(> oluatu the over\'olta|^e when the niet..i; 

IS fuMtic <iejM>ilcii iiist^' id ot hydrogen, 

lim s-ioii'm UM‘d thrmii'hout the apparatus, includiitu' ' 
hydroijcii ehHtt'*de, was 10 per cent, sulphuric acid, as befor.’. • 
tiie e.Kperiiiiental ve.ssel contained also suflicient zitic sulph j'- ' 
make the litpiul of 10 per cent, strenutli in zinc. 

To obtain a true measure of the overvoltage here, wliere - . 
being hlH'r.ited, a standard /me ele<'tro<le sliould be U 3 e<l in i * 
of the hydrogen ehudrode. ^uu‘e the hydrogen electrode w;'.' ' " 
as being more convenient, and the dillereme in jmtenlial bd’^-' 
this and a zinc r!eclro<h' is O'TTO volt, the measured values r | : 
overvoltage lU/tinc should all be reduced by 0'77 volt. 
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T'::4 lus been done in the folUjwiug tables; 

, ,,^ ald«uBljf UW ;-«U 31)0 .,,,1. ...MS, a,, 

/ Outtl {iw'i O-Wtvuli. 

Maximum dcviaium fn>m avfi-Mj^t>.- +0 004 veil. 


ii.r Mine with I'oinitniUtiT sliurl l : 


, deiuiity 

!‘;rvi‘i potential ditlet\*iitr o lN 
Maximum di‘viatu*ii fnmi 


2oo lull, ttiiiug, i>i<f tio, 

0-44 .'tii vult , 

u\(Tagi3 +0 02.'. ^,.b, 


. Ihr Iftfiutuct of Vurr.tn lhu„tu and Tlu' inlUu*mu 

U two factors la so great and so roufiusiug Hial the tiuuiva 
...Hi in Section 1 twjth eXcepUuns. to la* referrevl to latcrl mtiM. 
ir uiKrn rather as typical of tliosi* wiiicli may U* obtjjim*d than 
Mvurately reproducible data. 


Tile following tabic shows the variation 
. i wjtli change uf current deusitv: 

of the overvoltage of 

\t.ilj- 

; .jx'feS. 

hi 

2u 

:tu 

40 

t tver- 
vuUage. 

Volt. 

0-62 

0 64 

0-66 

0 71 

t iirri-iit. 
-Milh- 

unijMTi-s. 

■*0 

60 

70 

t )ViT 
Vnhnge. 
Null. 

0-70 

(Mis 

0-67 

U-07 

( 'm n-iit . 

Milh- 

uuijKTes, 

90 

M»0 

200 

:ioo 

0\, r 
\elhlge. 

Will. 

0 07 

0 07 

0 06 

0 64 


! ;■* readings in lliia and ni tlie lulluwuig table were taken at, 
•.rva!.s of about twu minutes, so that l!u* intlueme of time would 
; eaaw be compaiable, 

lie- following tal if sliows the variation in ovei vnltai^e with 
.i reiit density of ]. hit mum, mercury, and zinc, tbat of plalinum 
i rneivury being measured during liheraliou of livdro-en. and 
-i of zim* during deposition of the metal, 

'i-<vo series are given f\>r menmrv. These were «,b|;*iue)i with 
- ^me mercury at .iifTereiil times, and well illnslrale the erratic 
iviour t)f mercury under tliese eonditimiv 


• arr lit deiiHity 
\x'T s«j. nn. 
M.ihuuipi^ri'S. 
ill 
20 
50 
bai 
200 


500 

1000 

2*)00 


Plui 

ilium 

Cut h<3du’ 

Anuclic 

Vult. 

\ u!t. 

0 (Hi 

0 .“)6 

0 06 

0 50 

OtXi 

0-50 

0-07 

U-.'>0 

0 (H 

0-50 

O-OK 

0-55 

0-05 

0-.7.5 

0-03 

0-55 

--0 03 

o.vt 


Merrurv 


Series 1. 

Serie.H 2. 

\'u)l. 

\'ull. 

0-71 

0-5} 

0 70 

0 45 

0 07 

0-4() 

001 

u-;u» 

0 50 

0-07 

0-54 

0-08 

0 10 

0 04 

0 01 

0-01 

O-O.a 

0 0.-. 


Aior. 

\'<)h. 
0-0X0 
OOho 
0 000 
0 001 
0 002 
0 004 
0-094 
0005 
OOOO 


I ' tables it Ssliould imted tliat plaUmmi am) lead show 
hnniiary rise and tiien a lull of cathodic ov^^voituge us the 



2424 


NEWBiKV: OVEKVOLTAGE. 


current •itmily lucreas#-*; platinum show* a ?erj slight fall 
anodic overvoltage, rii^^rcur)- a very large fall of cathodic 
voltage, and Zinc a very small rise throughout A discusak-- ‘ 
the rtAMjtiM for these chaugee will be made later, 

in(taffu:r of Timr. In the complicated relation between ’ , 

magnitude of the cath^Kitr overvoltage and the duration of eh- v , 
Iysi<» tho following observations were made: 

i'hitinufrt-~Ci\rTt^nX density, 3(H^ mil. amp,; 400 rail, h?-;, 

p-r S<| rfti 

V'olt. Voh 


( ivf r% ttfler I minut** . 0 076 (^060 

0080 006' 

, 0-0H8 »>-00-J 

50 O-lOO 0-104 

1 hu.jf 0112 0-l2n 

0-173 0-236 

12 0401 0-200 

24 0511 0 120 

Aft^-r '* tninutt '1 r»'<L Aitii no current 0080 

furth'-r f* ii jrjiMut'-s with current ... 0-122 


Mr'r<‘{ri/ t'urrcni: den^slv, '2') mil. ainps. per srj. cm. <i 
rtdt.ige measured at inU-rvals of thrt-t‘ minutes: O'2-l, 0 3J. ■ 

[i r>fi, (>">1,0 02, 0 00, 0 00. (> 70. (I 70, 0 77, 0'76 volt. 

1'iirrt‘Mt fle/isily, OO mil. am[is. per 9*\, cm. Over\ 
mea-HMre,^l at uit^-rvaN <ri jliree rniiuitea : 0 M, 0‘43, 0’42. '■ !' 
'>32, 0 3t>, u :yj volt. 

Ziru (rnet il m-ing flepnsited).- Current density, 100 mil. ; 
per s<j. cm. ()v‘ervoltago mea.sure<l at intervals of ten miji it- 
OoOl, 0(>'J2, 0 1)01, 0091 volt. 

Tiio genera! i -uiclu.sions arrived at are as follows. \Vi - 
hydrogen {•< lielng lilH-rate*l with a low current density, the 
voltage increavs with time, apparently witliout limit in the r,v 
of platinum, and to ;i high but variable limit in the cas/' • 
rnerr-ury 

With a higli current density, the overvoltage of lead, plat!:: 
and mercury at first increase's, reaches a maximum the positi- r. 
whu'li dcpcixls on the current density, and then falls slowly, '! ' 
?!m«' taken to reach the maximum is very small in the 
mercury ami Ic.ol, '*nd great in the case of [)latirium, l i:* ‘ 
diminidie«l in all cases by increase of current density. Wic :: 
metal is being deposited, the time effect is almcwt negligible, i 
a very digit t fall of overvoltage being observed with higli or ^ • 
current densitifvs. 

The cfT'i t (U iue.tking the l irntit fur a definite intcrvti 
Ikm'h mentione<l in this sts-tion in the case of jdatinum. T 
s.inu> e.vpciiment trn^l with lead gave a similar result, ' 
tnaking the cijtuit, the overvoltage was found to be much b.-'*: 
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. ,n init rapidly roso to h very high vjiUu\ ;if{er\v.irds rail 

, ■ aluwly. 

With mercury at low curivut deiisitu^, flight io\s»‘rHii» of tht- 
,.,,;vi>luge was caused In- similar txoaniioiii, due, juohablY. 

> u diffusion of hydrogen from the suil,ue dt^ej^o uito the lueUl. 
ti re-Tiiaking the circuit, tiie overvoltage su«.ia ri's** to its forjuej 
luit not above it, as with lead and plat mum 
At high current flensities, the effeit of hreakiiig circuit on 
,< urv was ejcactiy reversed, the overvoltage iMuug first raistvl 
tiicu lowered by the treatment, /iiu-. \v)jeu uiet^il wa.s being 
, ; -Mted, showed none of tiiese effects. 

;i fh( lufiurticr uf Vulh.uh. It has la^Mi found l*v Le Hlanc 
the Klek. Kriifte der Polarisitlion, ' Knapp, Halle, llUU) and 
, Tring and luinUin ^Uiis voh. p. i Kl^ limt i^>llouls e.\ert a vt*rv 
influence on tbe eltn-f rolysis of soluliuiis of noUallic sidu, 
it, ■. influence has been attributed to a jmmbvr of caus^^s, wliiclt 
,.vt cfjierate in the tlcternunatum of overvullagt'. It therefore 
. ,i:iie of importance in iho prestmt investigation to make com 
; itive measu remen Us of the effect of scvt-ijil colloids (Ui over 
. tage. 

i , Infiurnrr ttn 0 vt r vttltKUjr <>j Arm/. 'Die follow ing table 
_.*•> the average values for the overvoltage of lead in 10 p< r cent, 
vjpimric acid contaiiiing various e{ilh)ids, curnml dt tistlu-s from 
. o to SIR) miltiamperi's per s(|, rm. l*eiug i Miphived ; 


Vt'ithoui oilloiil, u^ * rv U)ia\ iili 

\N'ith 01)5 |M.'r c-ent . uf tii-xi no. MviTvoliav” . n 05 
bo . U-T5 ,, 

,, O' 02 ,, lit , . 0-75 , , 

i. bO ,, ,, ,, ... 0-sn 


Ti,.' following points were obvrved wh- ti luakm^ 

" lil s . 

!■; Tli« time effe<.-t referred to in tim preceding s<‘ctioii is greatly 
--r'd. The time re<piired to readi a maximum overvoltage with 
,;;.'eu current density was increascvl iliirty- to sixty fold by tlie 
r* v jH 0 of U'02 per cent, gelatin, uml when 1 per lenl. gelatin 
‘i']<resent no maximum could be attaine<I in twenty four hours, 
roj T)ie currcntrdeiisity effect is als^l great Iv altered. Al low 
jrreiit densities the overvoltage was only sliglitly changed, but 
t iugli current densities the jail ul fiv**!' voltage witli increasing 
irnnt was practically eliminate<l by the presence of I per cent. 
■ gelatin. 

vinj When first places! in a solution containing a colloid, the 
Hal show-ed an overvoltage little different from that in pure acid 
moderate current densities, but this so<jn rose tf> the value 
. •>{! above. 
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h\ itifrUi was taken out, washed with distilleii •« 

an. I even iigliUy ra(»^l with a razor b!a<Je, aud iU oven - 
then jn*-a^arwi in jjurei arid, th» value at first given corre^j . 
witfi that in the Mdulion containing a colloid, and only slow!. 
t>, jU normal value for pure acid. Heavy stTaping with tin- - 
Idadw at oiu:** restored the normal value. 

Tills fart furriijfh*-s strong evidence for the supposilion th i- 
■•olhnd {>et]ctrate« t lie inelal surface l>efore affecting tlo- 

vnlt age. 

ihj and (n infhtrnrr »n (htrndtjlffr of Pjatinum aud J/. r 
Tii« •'ITf'ot of the presence o£ colioifl in these two cases wa^ - 
liie same a.s wjtii lead. 


At low current densities the overvoltage was raises! very s!. 
whilst at iiigli curretit densities tlie overvoltage remained : . 
<finsUMt, Tills is illustrated by the following table, wdiich 
to jdatimuu 111 a ludution containing O'Ou per cent, of ' 
The Values of the i/.ervoluge without colloid are added f r 
s<ike cf fompariivui : 


< iirn^nt ti'-iisily 


( )vi*rvoltagi. 


[K^rBci. cm, With ccili.ihl. Withouiwll,., { 

HO miltiiiiii[H‘r*-s O OS O Oti 

■>0 . 0 09 0-06 

»W .. 0*10 0-07 

iitio 0-iu ooa 

'><*n olo oor> 

o-lo 0 03 

-000 OOO * 0-03 


p/) lnil\Lnier „n Onriolta^r of Zinc. -Tlie effecU in ttu. 
were studic<l in greater detail in order to determine whetii. r • 
remarkable inlluciu-e e.verted by colloids on the nature '! • 
dejwisit when a /im- salt is electrolysed is in any way cunn>- 
with uvt'rvoltago plieiuimena. 

'I’lie !,u(utinn us4‘d was the same as that described in Section 
tho reqiiirctl coHnid being dissolved in the stock solutimi .. 
wante<l. 

t urrent densities trom 1()0 to fiOO milliamperes jier s<], r )i., . 
iis«sh the overvoltage in all cases l>eing nearly constant f< r : 


Uestills were as fallows : 


With'iut colloid, overvoltage =- 0-09 volt 

\\ it h 0 0 .'< [HT rent, nf tl('x trill, overvoltage - 0-13 

'► bU ,, ,, overvoltage ^-.0-09 , 

>> 0 03 ,, gum aral>ic. overvoltage - jl-Os . 

’ b5 overveUage — C-09 ,, 


A solution contaiimig 10 per cent, of zinc as zinc suljh.it*'. ' 
no aciri, was j 4 ien used w ith a zinc anode instead of plauii ■ 
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„ hv*trog^*i electrode ve*^se) c<'ntaiui\i 10 jkt sulj^lntnr 

Ai before: 

Without t^uHokl, ovi-rv uU<4^e IV-U^ voU 

With 0^02 per tvnt. of iieUtin, ov^^rvolw^e 0 OS .. 

„ 20 ., uvtTViOlage iO 12 , 

Tuf iiigbw values in tins cast* are partly duo to tlie boundary 
eieutial at the junction of tiso ziuo sulphate and sulphuric iirnl 

duCi'Oia. 

■ 4 ! /'Av'ftcu/ Chatiffff in thr Mffol U has. id rn\irse, 

brtoi known that the nature of the surface has iin imporUtu 
s^uruce on overvoltage, lu addition to tins surface influence, it 
^ U'eti found by i*ring [Ztitsch. Kffk(r<.n'hfm., 1913, 6, 

\ai iu the case of a film of ouo meUl deposite<l (in another, tlu^ 
i;,. Kiiess of the him and llie physical condition of the metal Uu k 
i.aecj both have an iniporUnt detenuining elTect on overvoltage. 
» 5 ii 2 gestion, however^ appears to liave been yet made that the 
.j.^wical condition of tlie metal surface cun be obnngesi by the 
rogress of the electrolysis. 

In tha present wf>rk, this was suspected to 1 k^ the case when a 
ohdift,! platinum plate was usotl us catlnute. After passing u 
fivy current through it for a short time the surface was dullwl, 
{■4 wiien tlie current had been passed fur several hours a uniform 
iAikemng of the surface was obst^rveil, winch (“hemicul ti^ts 
to b© due to pure piatirnim. Similar blackening was 
t^serveil at both anode and caLliode if small plates nr wires were 
=-^1 in sulphuric acid or sodium hydroxide sol u1 ion, great care 
naii,' taken in all eases to avoid aecidetital impurities. 

Heavy curreiiU (I to 2 amperes per s(j. < in.) were tried with 
adedeii of polislied lead, zinc, a in I eojijuT. Jn eacli case the 
surface became lirst dull and then black (‘inyi. 

Microscopic examination revealed the tact that this dulling and 
‘iickeiiing of the surface was due to extremely minut© jut tings 
n the metal, some of which when observed witli slightly oblique 
llumuiation showed a jieciiliar era Ur like form, suggi-sting that 
he surface of the metal liad l>een blown ojjen bv an internal 

if. a '51011. 

Mi- rophotographs ol polished plates of platinum, copper, and 
i-»!ere and after electrolysis with a current, rlensity of I anijH-re 
; --j <ni. are shown in Fig. 3. As tin* pliobigrajdis were of in-ies 
fakr-ji with perpendicular illumination, the shape, of the 
i-i nut so well seem in the print.s as it may Im ninler the 
: -ccpo itself. 

'! fhf /nffuence of High I’minurrii. In order to 

' •uuin- the effect of high pressures on overvoltage, >the ajiparatms 
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*howft m Fig. J ^ eiiclowire ^capable of su: .. 

ing a prc»aure of atmospliorw- 

Tlio apparatus ia of glass, except the two loosely fitting ... 
who h are of el/Onile. fork or indiarubber cannot be used . . 
j,rh*«afo chamUr, as it is crushwl up and falls into the 
// IS a platinised glass eicctrofle, which serves as a hydr(.,. 
oxy^f.ii t!o«:tro'ie, according to the high-preseure gas use*] ■ 
rharnljer. 

A long scri>-!^ of ineasurement# was made in this way, 
pressure.’* from i to IW .itmospheres of hydrogen while mea. r 
zirir (iver voltage, and of oxygen while measuring the anodi. 
volUge of pUtinuiJi, 

In the former casf*, no change of overvoltage could be drs 
In the latUT, a fall of :ihr:Nt 0 01! volt appeared U) be caustd 
two or three ifiinute?^ ).y the application of 100 atm*. >.• 
pressure of oxygen, but if the ga- , 
allowed to enter or escajie from tl -- ■ 
sure cliamber while the galvanoiiiK-r • 
was depressed, no rloflexion of the g i! . 
meter was observed iluring change < i. 
.sure. The apparent change, tlierepir-- 
liave Imnmi causes! by variation ‘ 
o.xygeti elecLro<ie. 

It follows from tiiese experiirieir > i 
no appreciable intlueuco is exerted < ‘ 
overvoltage by the ujiplication of .i 
sure of 100 atmospheres. 

^0) M mriit o/ tht /otuf^af' i 
fht Hiu L\hrrntrd. -Townseiid / ’ 
fn/nff. I’.fiU, ^ I>^1>7, 5, 0) lias shown that eleetrolyti’ : 
i-arry with tln-m a cousiderahlo electrical charge. The pus ; , 

<»f tlu .1 chargiMl gas exerting an effect oti the potential of th'- • 
from wht 'li It. lias Iwvn h Unrated ha.s uji to the pre.si*nt — 
uverl‘>»kcd, 

A long series of exjienmerits w'as carried out, using cat 
ot lead, piiOinum, copper, and mercury. The apparatus eiiii . 
was similar to that of To *> use ml 1S9S, jv], 45 . . 

w'ith the washers ,1 and It onutkMl. 

’I'he following data refer to the apparatus used: 

1 ajjaetty of 0- 00005 micro* fane 1 

mdurtor 0 000047 

, , washers 0 0000-" ,, 

One volt applied to elect rometer gave a deflexion ‘ f 
ill visions on ^lo scale. 
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u«^l w all ras.*s was Ici tviu. sulphuric aouI 

I' ‘rriiU from < U> IS autiveres wen* us^.l vMiii calluulcs front 

. . 1 f w|. cm. area. 

reuclusiuns drawn from a vrrv larg,. miiid.rr ,.f nieaaun.- 
u s are given below. 

i:,e lullowiug factors were found to atlcvt the de<^ree ttf ionisa 
f . , t the ga« liberate<l: (,i) current d^nsHy ■ tctn}H*n*ture ; 
f Mite. (>/) collonls; (c) other impurities; and fM mWal usinj 
■:f < ;<‘ctro<le- 

;. (’liung^ of current density Hffec't the de^rt^e nl ioms.Hiun 
fjy dtlle. ^V!th a leail crtlinxie, the ionis.*tjon imre.tH<^d sheiuly 

e. n the current waa double^l or the surface area nf tlie'^lead 

hut with other metals no Midi change could uilii certainty 

r :t!ette<l. 

Tiie effect of temperature is i-onsiderable. and vanes with 
.• ! .etal used. With a lead cathode the temperature effect is 
W'ith a platinum eatlmde, lieatin^* the lujUid from 
N. OtH doubled the degree of lonisiilion fur a slmrl time. 

f. iis * mercury catluxle, the ionisation wm.s iMcreas<‘d about 10 per 

! y a similar ri.se of tem])erature. Wdth a copper »-,ithude, an 
of 10 f>er cent, was prcaluce^l by a riM^ in tempetature jU 
. i ,it in ail cases tlie Uunperature efT,vt is so c<uifuse<l with 
n.bUat it is difficult to sUte exactly wliat j>ait t.f tiie iture.is.‘ 
l ie tem|)erature alone. 

* Tune has a large inlluence on tlie degree of innisidmu of 
- ;;iS With all thewjilid <'leetrmles used, the loriisalioji r.ipidlv 
.. after the current was first .started, u.sualiy att.iitnrig aliout half 
' -ni'jiial value in less than two luiriutes, Att<r this it. remaiti'Ni 
.(.> < unstant, although a slow ris<* wms obstu ved aft(T prolnngud 
--r.lysi.s. Intcrruj.l ni of the jirogre-s ..| elurholysis f<.r 
•-!ote periods alway.s firodunsl a teMij>oraiv ns»^ lu (he digree 
';:*<iti<in ot gas from the sohd nietals, the iwe li<‘iiig the gn.tti'r 
■ ' ->-r the interval of rest. 

’ ■ uid lat noted tliat all tbese effects ;.te ex.olly the ievet>«. 

' observed witli overvoltage. W'ltli merf'ury, a g*'iirral ten 
' lor the gas minsiiiion to iiirreas*' with time was observed, the 
■i >offie cases being .aU per rent,. Imt. the India v ion r «.f (h,, nier 
} ' itinslo is s<i erratic that no detimte statement ran be made, 

- A very small (piantity of eollmd (d l jier eeni. of gum aralac) 

I' iml to lower the flegrf*e <if ifuiisation of gas from a copper 
' !»’ to about one-third of tiie normal value, hut the maximiitu 
‘ ’rmg was only attaine<l after tlie current liad been passing for 
mutes. 
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,l„ .r..lvu- K^a ..t 1.0 effwi. on tiu- .legrw of ion, sat 

ll,o ,s; fro.u s ,-H-r -ti-lo. O 'J Per cont. of 

,l„ l.troosu, uaa.,1 u, Il.o olestrolyte increased the loms-n. . 

fr.m. a laatinu.n cathode hy -.’0 |H>r cent., and ol 
iroin a i.Ulinuri. anode hy 50 per cent. 

(/, With a current of -S arnin-res, and temi«Talure» from ; 
10- t!.e average rmmter of divi.sions pr minute ihrongl, a 
th„\,,ol or light from the eiectronieter was dellected, is g,,. 


Tfihh- 

Mt'Ul urts ‘1 
l l*f ii.iim (cttilpHli i 

i opjwtf • 

I^aJ I. 

M»*r<'iiry — 


tu electrunu-tAT, 


20 diVti»)(>f 4 

14 

0 

6 


IffducUir ;.;.y 
Jtt clKtr -;;,- ^ 
5 diviM ' - 

4 

3 ,, 

2 ,, 


Vi.uhoi,n..iM.g the siirla.e of lead or copiier lowers the 
,,.m of Jhe hvdioo..., liU-rated from tlieni. Mercury sliow, , 
erratic l.•hav,'o,lr. I >11 one occasion, when a current of U. o 
wiH dfllcxiotiH of 1 - flivi.siouii nunut<- 

..i.tanu-ft, wtt. ii 111- w»-re cymiect^^^l to llu‘ electronor.r 

Itiur of reaairi^A histing two minutes eiin>, . 

thr»^.- ifiifioU* iiit*‘rv.ils for roohiig. Then sudaenly, for no ai ; - 
.l-tl-xif.n. of ilivisions per imnut.- . 

ohuintil Thix .su-lfi-n ciian^'o of ionisation may be compar--: • 
tip, su.M. n flian^i-s of ov-rvolta-o of tlie same metal. 

The r-!ati"ii l)»‘twoen tlu* MPiiisino power of a metal 


tivm vohai^p' is remarkalho. 

Ill vvf’iy 1 i-i<> irunl, wliere an im.:ie,ase in the oi n- 

.,1 ptm-asiimn of eleotrolytu- produce^l, a correspond i- : 

of ovvi voltao,‘ iH olts-rvisl, ''nfi vii e versa. 

The orth'i- III whi. h I lie meUU iMnploye<l lie with r.-]- - 
loui.sin- [>owrr is: ( 1 ) plaliiuim; ill) copper; ( 3 ) lea.l ; ( 4 ) 
tiio urtier with r-s[M-oi i,. overvolMge is exactly the rever.se t : ' 

Tlie loni-sins; jiowcr of mercury is liable to a sudden ti-’ 
iiii^h vrtlue iftor iisln>:; a iiigli current density. Under ti:- ■ 
conditions, the ovcrvoit.t^e falls svYaoeiiij to a \e^j low v,i.. 

loni.sallon of tlio evolved gaS' is increastvl by rise of leiiu-r' 
overvoltage is tluuiiushe<l. 

Ionisation of the elec'trolytic gas from the solid no t.. ' 
rapidly after tlie current h^s been sUrted, readies a inu;. 
«atid then rises slowly. Over\*oUage of the solid metals ut. . 
same conditions risi^s rapidlyj reaches a maximum, and ti.-; 
slowly. A iliminntion in ioaisation is brought about bx 
coucomiUntlv with an increasij iu overvoltage. 
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J U accepM that kmisalum Uy fUvtroIvsis is only anotlu-r 
j..,. J ioriUatioii hy hubWina. tlien, on of the rWatit.n 

the sixe of the huhhlos ami the oomlition of the surlaot* 
,,, whidi they are Ulcerate,!, the changes of ionising |K)wer due 
^ j hvsical chaugee in the metal surface, presence of colloids, 
,...riture, etc., may U explameil in all ras,*s. excepting the 
ii irn violent changes ol)served with inercurv. ^ 

:: i/wcr//n«coMf Ohsen^itojns J/m/r ilunmj thf^r Ktfienn^tnf^. 
.la nieaimreaients of tho overvoltage uf zinc when the metal was 
defKisited, accurate and lonsisteni results were easilv 
which in all cases could U* reprodurtvl U) williin a 

Tar <ltre<‘t potential difference, on the contrary, was liable to an 
..r exceeding 50 millivolts.* Stirring the'' liquid during a 
.... :r.nient of true overvoltage liad a very slight lowering efftvt 
Wi rn measuring tiie overvolUgo of lead, idatinuin, or mercury, 
rrMiita obUine<l were subject to irregular varmlnms of about 
-i.'ivulu with load and jilatimiin, and 5 to oiK) millivolts with 
.r ury, The«e variations are partly due to the molal l.eing in 
f o ? with a solutiuii containing in^uthcient of its own ions to 
c the solution jiressure of the metal. As fast, as ions are 
: .-IT from the meUi, they tend to \^^ forced hack again hy 

j.:j tiled A similar erratic potential was ohservtsl hy 

t,!c.or {Krttsch. i'hrm., 1 Du 7, 59. MS) when working 

'f: llie tiropping electrcxle, although the explanation i,f this 
t -: .‘jifiion wdiicli was given was incom hisive, 

T:,- variations with mercury are so very great wiien a forisider 
'.e current density is empIoyiM that it ap|.ears jiossilile that an 
i^tahle hydride or allotropii- ir.rm of nietvury is prmhired umler 
( 'mlitions. 

'i.rrKii the nu-rcury with a gU.s.s ro.l 

t-M.-r.il.ly wiieii the nirr.'iit .Ic-nsity is low, l„il im r.-.is.-s i( w|„oi 
. iirent density is high. 


^ 'o/i e/ uyli;ns, 

:'■> :..ilowing conclusioiis may l.c ,ir.uvn from lli,. .■xporimciital 
t' oouliued in tlic prewuit. work : 

[• I»unng electrolysis, the idiarged ]iy<lrngen ion penetrata^s 
f-rh the surface into the interior of the cathode, hut in order 
free gas after delivering iU charge, breaks open the 

hivcstigatnra wemutca the diprl [Kaeritiul flifTcrciire only. 
['•/ /*^^***^ resistance of the ftlin of gas eri the MirtKe 

^ - .;-de in.ay amonnt for Mime of the f rroneoiis cnii< lud'ais jirrivM u hv 

** ■‘i'emofijUra, 


7 r '1 



SKWBKIlY; OVKHVOLTAtJE. 


m2 

tA »atrUl. A» loag asj a stream of ga* is escapiug. > - 
wnall tuii«*jU thus formed w»ii be kept opu, but oa allowing 
/aeul to nuhinn, many <>f these [n^res wiU partly cW, and re<p > 
addinonal eu*Tgy to reoj>e« Uiefii, ea//eciaUy as lh« ions can : , 
l>e«erste the metal d4<ei>er than at first through the partly <1 . ... 
Lunneift. 

(ii) Colioid^ aijio ent^r the pores in Uie metal aurface, and \ 
full efT*-H ou overv.iltagB and ionisation is not shown until t; 
have |/•*ln^uate^i in this way. 

{hi; Hydrogen ld>**rat<Hi in an acid solution is positively tUai - . 
and at u unluclively upon tlm (declro^le, greatly lowering the . . ■ 
volUgo at high current ilesmilies. 

(iv) Oxygen UUrate*! in an acid solution is also posit;.- , 
ciiarged, and exerta little nr no effe<'t ujion the surface, which f 

a similar chiirg« on it, 

(v) (lenerdl)y sjK-aking, the true nyervolUge of a meUl i-^ . 
snntil whtMi the ineUl itself is Wing dejioeited, compare<l 
wh.tl It i<* wIm'ii liy<lrogt*n is l>eing lilH‘raUHl. 

Thror'r^ <jf Oi rn n(ffH/<. Vafious theories of overvoltage : , 
i>^’en Huggc'titi'*! by, arijung others, (’aspari ph^nkuL ^''.- 

iM'Jd, 30, Kernst ( Tlienrctital (.'herniistry,'' KngHsh tr.u 
tion, PJUl, p. 7:ih), 'I'afcl jAipgtfml. f'hrm., Pjo3, 50, * 

Hotvs {thiA , lOOO, 34, Tol ), UeichinsUin (/Vum>. FartiAa’j ' 

I'M I, 9, Muller f 'hrm., 19011, 65. 

Mario (f.'otnj/t. r'ff'l.f 147, I th^M, and l.e IManc (/oc. rf' , 
Trung. F<tr.nf>iy TJ!!, 9, -ol). 

A study ol liie alKiVn works will show that none of lliu pr- v 
theorjc-i .ocoutiU for ill the facts mentione<l iil tlio j-i*- 
tciwarch. 

1,0 HI -me, hy measuremenU witli an oscillograpli, has * 
clearly that overvt)luien obsvrve<l during deposition of a ne*. 
largely ilcUTmiiuHl hy ciiemical (dumges which take place h .: 
liU>ra(imi of ions. He assumes that the inns are e.xtei- -'; 
hvdi'ate<l 

Heoent work on elccUtuii olive forces in alcohol by Lapwoito c 
Ins assistants (including tiie aiitiior of this paper) has shown ! • . 
tlouht that the ions ju an aqueous solution are stronglv liy 
and therefore tins assuuqjluin of Le Blanc » is fully justilh-' i 
tloH>ry will .■satisfactorily account for ineU! overvoltage, h,; : 
in jk'veral iriiportant respex'ts to account for many of tii'- j ‘ 
meiia (d)^e^ved in measuring hydrogen ovcrvolHige, 

No theory of overvoltage has up to the present btHui - 
which will account for the great fall of overvoltage to V - 
wlien veryMiigh current densities are used, or for tiie r*-: • 



KEWBERY: OVEKVOLTAOE. 


betwwn hjdrogeu overvoIUgf^ and ionisation of t)ic‘ 

hydrogen. 

t i p following theory h therefore put forward aa aoeounfing fully 
r the phenomena so far observe«d in tfie stutiy of overrojtage. 
li^urjnining Foffori of Ot'i'ft'offrfpr.- The reMilta of the present 
« rk S 4 JOW that the phenomenon of overvoUa^e is oontroDivl hv the 
: -^ing factors; 

l\ jiupersatu ration of the electrolier with ^as in liie nudccniar 
:;tiun, the accumulation of this gas t>eing hrenglit sl^mt 
r jt'h the permeability of tno rneta) to ions, inni tlie inahiljly tif 
free to ^ape except hy solution or hrenking the meUl 

.. Dehcicucy or excess of intermcdiiite uictastithle prodnris 
,.. h sre formed in the transition from the ionic to the molecular 
.%• In view of I lie known fact that ions are liydrat»yl, this 
o rniiniiate j)roduct is prohahly the non hvdrate<i i(ni. 
i. inductive action of Mu* escaping ioniwsl gas hnhih-s ott the 
, irc-de. 

( n’ thes© three, the first two incrciiso the ovorvolUge, while the 
■ ;! i generally decreases it. Kvidiuitlv, where no gas is ln*ing 

• .r.ile<l, factors (1) and ( 3 ) are aliM iit. and factiir ("Jl al<ine is 

• •: -:;'*ih!e. When gas is lil)errt(f*<l at high current density, factor 
. (^ Ttijdetely overpowers (1) ami (J). \l lev current density, 

• r (3) becomes smail, i<nt: has not. In^en fniind to ln» negligible. 
A'tortling to the obs<*r vat ion.s made in tlie jtrestnit. work rm the 
■ hi>i<'n of gas in the metal, the niaxininm overvoltage is largely 
.n-iniinotl by the ineciianical strengtii "f t)ie rneUillic crystals at 
’ vnrf.iee, together with snrfios* tension forces. With ‘•olir] 
•ga!s, the surface will tlius lend to llic same limiting, hfok* li up 
■ iuion, whatever its original condition may he- ’rhis fact is 
illustrated liy Pring and Curzons work on the overvtrltage of 

• ri wire (Jmax. l^rtra/fni/ Snr , l^ll'.h 7 , '*137). Tlie i hange nf over 

; with time in four different cas<*s sfiowed values wliieh 

' vTged t-owarda the same point. 

It evident that very high prensnrea are |itodurtwl )jy the 
''line'll of gas in the electrodes, even in the caw^ of mercury, for 
*■ Air?*,ic<*-ten.sion forces are < onsiderahle, }>ut it cannot lie <nm- 
; that the magnitude of this pressure i.s sntlleieni b* accourit 
r t'e- observed overvoltage on the basis of tlie Xernst tlie^iry, 
•rdojg to whicfi in some case's pre.s,snreH grealer Ilian at.irio 
" ‘o- havo to he adinitterb From thi.s and tulier consirierat ion«, 
s theory, which relate.s overvoltage to the .soliiliility of the 
m (he metal, is not a complete explanation of the observed 
‘-■mena. 



NEWB^KT: OVERVOLTAGE. 


wnli colloids »liowe<l tlmt a penerration uf • .. 
« olioid ifiio ih*- m*;tal ukea place, auU that a permanent change ■ 
th*, priysk< ai italare of tlie mHal surface reeulU. This char. > 
af!r-<trti th*- tutarc l^liaviour of I lie metal when used afterw 
Ill 4 . olloid el**<;troiyte. Tliis shows that the presence of coi: ; 
\i,x- a ‘jr^* i?m: t on tli** electrmle wliicli fleterminea overvoh ^ j.- 

i., .ohliiitni to the intlueine wliich Le Blanc demonstrated that •> 
t iihnd in afT^^* tnij' the vehxity of hydration and deiiv ; , 

th/O »/J iOJlS, 

'lic' vf^rv erratic rxLitre of the hydrogen overvoltage of merf ur . 
Hi.iV ixr partly understood when we consider that a slight dUt irh 
an<*' oi the surface may oause great lo^'al changes in the suri.io 
f«-fisioii torre^. With low current density, factor 1 U predoinir, i;' 
Sill fine till* ifif-rcury at this stage re<luce8 the supersaturati< . 
th*- iurfa< e^ and tim overvoltage falls, W'ith high current der, .■ 
fat tor :t is [>red<imiiiant, the violent rusli of gas tending to rm : ^ 
.-iiip'-rHit m at iof( to a low level Stirring tlie mercury at tliisu.. 
therefor.-, ici.a Utile ofTcct. otj the sujxrsaturation, Imt enaUlev ! , 
lUrfate [pijhhles tofiwape more freely before they have anpi,-. 
i positive i iiaii^e -.iitVii ietit to affect a]ipreciahly tlie potential . i i ^ 
meta! Tiio overvoltage tlicrcfore rises. An intermetliatc c,, 

(rt . Ufa whef.- ?tirring tiie mercurv has no effect. 

The Midden fall of (he overvoltage of mercury la about <:■ 
quarter value ;it Ingh current densities, together with the su i :• 
ii^e of ioniMUg power to about four times normal value u:.;-: 
simitar cotiduion-i, cannot be ex[daine(l by tlie above rea.v-: c ,, 

It '.•■cfns p<i>,>!b]'' that an UM>Ubl& allotropic funn of mercurv ; 

!)e prt duictl under tin- nijlucnce of the electrical forces presci.t 


Su tn niurv. 

It has l»tvn shown tliat. during the electrulysis of an acid s' 

I mu with metal eleclnxles, file gas, before liberation, pemdr e. 
the mebil surface, .and on emerging breaks open tlie surface. 

h a collnid is present, Mum* of it is carried into the metal .s! • : 
wuli the ga-*. 

'I’iie presem-*' of a colhnd in all case.s raid's tlie hydrogo-n 
vnjt.ige and diiiunisiies tlic i<uiisation of the gas ]il>eraUd ! 

• )vervn!tage during dcpnsiti'Ui of a metal is afTe<t#<l In i ■ 
jiin.aller degree. 

The overvnlt age of ,i metal is lieteniumul l>y three factni' 

(I) Superivat uration tu' the metal surfa<'e with nnneleclrC' ’ 
under very high jxes.'-ure, due to the penueahility of the n.*!- 
the ioniseii gas, but nun jiermeability to tlie molecular. 



ra itTlOS OF F'BKXZOQUIKONE WITH nULPHTROI'S ACiD. KTx\ 

_i Dfficieucy or wtcee* of non Intirattvl ions in th^ inuntslinte 
, 4j[,ourhoo<i of the elei'trcuies. 

if Imiuetive action of tlie esi'apin^f loiuM^i mi ilu* electronic, 
1 ': certain cases, factor 3 is sufticiently powerful to re<hu't* the 
. i>-ured overvoltage of a ineul to a negative (jiuuititv, 
l,;c overvoltage of the metal, ami tin* lonisiition oi the gas 
r-ite’l from it, show an inverse relation> 1 iip 

i-, ronclusion, the aiitiior lU-Mies tni exprevs jus si mine thanks 
. |>r J. K. Pring for suggesting this wmk au'l fm tiie interest he 

taken in its progress. 

KjJUT J O rilKHfCAl f.A l‘<»eMm;i 1 

MvNCflrsTKi: I’Nivnisirv. 


< * \ ,\ \ 1 1 . "" of /iru^tniot doin' in(/i Sul- 
phurous Ai’lul iUol With A Huh, /h/W /. 

Hy .Ions' W A 1 , 1 . is ho in. min. 

Til), cxporimeiits descrilnsl in liiis paprr were cmnnieneisj wnh the 
:';t*'iition of elncidatiiig tlie action oj siijpliurmia ael.l am) sulplutes 
„ s^'liition of quinol wTien (hat .suliilimi is ust^d as ,i photogr.aphic 
i*". eiopt-r. t)n the a.ssumption that /) hen/,«Mjmiioiie is forniwl 
ciinii: ilevelopment hy tlie oxidising .irtinn of silver liiomide in 
:i;e presence of water, it was consiih-red advi.siilde. to start the 
:: piirv witli an cx.aniiiiaticm into tlie art ion of .siilplinr <ljo\i»le on 
. .-T.ition of p-lK*n 20 cjiiinone in water ,il (he onlmarv temperature 
,\s IS w'cll kriowni, the redncfioii of /) (jiunone in jopieoiiH 

:!it;'>n hy sulphur dioxirle leads to tin* formalinn f)f (piiiiol, Init 
■ '■ \iejd ift always less than tin* theoretieal. Tin* arlion has heeii 
' 'i'jered to proccerl on llie lines ie])rcsenie<l liv the e(|uatioii ; 

OfiifArf^^\* * n,so,. 

it was also HUggesUvi hy Mees and Sheppard ['/nUf^rh. n'lsa. 

, IDO’J, 2, 5) that another react inn takes place leading to tlie 
r ration of dithimiic acid : 

C’cM^O. - JSC), : (’,11,(011), i , 


K,\ rM;n I MKNTU.. 

A, }*rt} nnitntr If E.i in rnmni i on f hr ! }i dun jfjsif ion of 
DOhloinltr, 


* l.'''G9 fJrain of sodium <lithiijnafe (\a,S,0, ,‘jH ,( t), when dis 

‘*‘0 in }hU c.c. of water and hojhnl for half an liorD' with 10 e.c. 



: TIfK kE Ad IDS' f>r P-BEXZOgUINOXE 


ijl hydrochloric acid, gave on predpiUtion 

barium chloride 0 0233 gran* of barium sulpbnto (O' 1869 gran- 
cryitalli->*d dirhionate should yield, if completely de< 

0 1703 gram of barium sulphate). 

(2) 0 2132 Gram of ‘iO‘iium dithionate, disaolved as before > 
rvAj^ofatcd to lryo*'>’S with 10 c c of fuming nitric arid, gave, , 
of ih** reM'lite in water and precipitation with bar,.' 

• hh^nd'v 0 nil gram of l>arium sulphate (0'2I32 gram of the s.if 
wlo'ii f)xid)>f<d to sulphate should yield 0'4106 gram of bar 
xolphate). 

Ihthionat** ia therefore only partly decomfK*sed on boiling 
dilub^ a< id, hut is *|iiantitativfdy oxidised to sulphate bv nitric 
nodt’f tier* (f>nditiotis <tf the ♦‘xperiments. 

B fhf lirfi'if f*nn o/ p litrizoquimnf, 

(1) Iri f o. uf wator^ and cooled in a current of caii 
dioxi Ih, gtJiiu of U-nx< qviinone was (Useo)ved. Sub '; .: 
dioxidi* 'A.ts (,h* ti tiirougli until rctluction was complete. '1^ 

i iipliur dioM-b- sv.ts rcTiiovcd by evaporation, and 
stilphfirii: u id pr« ipitate({ with barium chloride, w^hen 0 1 / 
gr-iOi of }».iriutn sulphate was obtainc<l. 

( .: ) A bl ink ex]>.‘riii!ent made witinnit /ei)cnzoquinonc, but i ; 

«jni' .n in urlv as fx ssildo identical with the foregoing, yi* ; i- 
Uftlji) gr,itu < f barium sulpliale The sulphuric acid actu>' 
produ<>*d during tlie rclucthu of O 'jo gram of /^benrofjuinonc .i 
♦•juivalciit loU fjll gram of barium sulpliate. 

{■’») I In* fiiti ito iron! wdiit'h contained excess of Im . 

chl'-rid*', w;is oxidlstvi hv »‘vaporation to dryness with 10 cr 
filming nitric .nnl. ami the rciiiduc was boiled with water v; 
Idtercd, wh- n <i IKil gram of barium sulphate was obtained, 
a tot.tl amount o( li n.'Mo t^ram. 

It one imdfH u|,> nf /cUmzoquinono reacted with one molecuh- 
‘cilphur dioxirlc, ii 25 gram of /^be^^oqMinone could give rise fc b- 
inrmatnui of O o.'PJl gram of barium sulphate, and with tlu^ t ■■ 
total vv»*tght obtained fiiirly closely agrees. Dithionic acid, how- vr 
cf>nld only birinctl by the interaction of one molecule of pl- u' 
‘|tunone and two moba ulcs of sulpiiur dioxide ; and, judging fr 
til ' experiments tb.e decomposition of ditluonate in the ju - *•■ 
of act<|, only a *«fiia!l amount of tlds would l>e precipitab i > 
-ulphate woh tlm iirst precipitate on boiling, but after oxi ic ' 
Mith nitric acid d W'mld be entirely j>recipitaie<l as l<n: 
j'lilphate. Moreover, as the oxi.iation converts tlie whole .f ' • 
sulplmr in djthhuiic acid to sulphate, the effect would l>e to .. c> 
the total wmidit of barium sulphate precipitated to exceed 



htith tiri.PHURors acid axd with ai kau. pakt i, 24.S7 


The fAct t4»»t the tota] barimij !«u!p]iate was Wow this 
i uunt nude it $eem extremety prubaWa that dithionic acid is 
. ; rf not formed at all or is pr<xiuce<i in such minute fjuantilias 
!o Iw within the limits of exjwimental error. 

As, however, dithionic acid on mi^ht un«lergo itwoiu 

lion raora readily than an aeidihtNl stilution of sodium dithion 
,^r,- ihe following ex}>erjments were carrio.i nut 0 l!0o4 Oram of 
. -*'!iiCK|uinona (1 molj was dissolctni in -iiH) c.c, of air free water, 
, : l'5 c c, of 0 *2188.V'Sulphuran8 acid (i mol ) w’ere added. The 
■ fnifK]uinone solutiim was comjdetely decoh*ristal, showing that 
rr - hi ion was complete; the S(dnlion had no percej>ti]*Ie otlour of 
. ; liur dioxide. The 8<dution was pnyipitate<l wit h barium 
r ' ride, and yielded, after ci*rrcction for the sulphuric acid present 
\uv sulphurous acid, <14843 gram of barium sul|>haU*. The 
■ii'rate containing exct\«is of barium cliioride was lK>i]cd for Inilf an 
.r The= ilecomposition of dilhinnic acid, if it were presymt. 
A i lead to the formation of a prts'ijnlate of barium suljdiate 
imperceptible piccipiiate was produce*!. The solution 
,,.4 oxidised with nitric acid and evaporated to dryness. The 
:i V. luc yielded 01538 gram of bAi lum suljihate. 

,i> The exf>eriment was re{>eafevl, using O' j gram of />l*ein 5 o- 
, -tie instead of 0 *J054 gram, Precipitation iu Iho cadd with 
- j;um < hlnride gave 0 ‘4884 gram j>f barium suipliate; the fill rat-*' 
•; toiling for iialf an hour gave no per*'e]itilile preiupitale, and 
v.i.ilion with nitric aci<i yielded 0 1107 gram of barium siilpluite. 
Tiu* results of Ihew^ experimenU, particularly the coinjdet^* redtir 
!. :i of yj hen zocjui none wuth a nndecular quantity of sulphur 
; \!de, and the absence of a weigh able amount of preeijutato on 
t'onfirin the conclusion already arrived at, nanielv, that 
■ '-foizoquinone and sulphur dioxide react almnst entirely in 
'•‘■< ular proportion.^, ,'ind that dithirMiic arid can only lie produced 
v^ ry minute quantity, if at all. 

ib'f**rring again to experiment /i (3). the amount of barium 
;:.licite precipitatesl before oxitlation (0‘42ll gram) recpiires for 
■' h-rmation O' 1 952 gram of /i-benzorjuinnrnq that is, 78 (iH per cent, 
the weight taken. 

(B) Thr f^ormohon of Quii/ol. 

<'!; ii^solving 5 grams of ;>lK*nzoquinone in 4tH) r.c, of water, 
■ ' ning with a turrent fjf sulfdiur flioxide, and extract iny( several 
’ •“* witli ether, 4T grams of qulnol were oldaincd. Tliis could 
*- h rinecl from 4 035 grams of yelvenzoquinone, that is, 80 5 per 
'*'■'■1 of the weiglit taken, a result which is fairly in agreement with 
‘‘ U ' f the previous experiment, /i(3). 



: tiik rkaction or p-besxovuixoxe 


It wuuM therefore, that two reactions take place wh-. 

;^l;eiJZM^auione i**. rwlu^M with sulphur iUoaid© (omitting 
formation of minute juantities of dithionic acid). Ah 
Mo jft-r cent, of the rpiji.one is reduced to quino! wit-h the ac* 
{mnyitiif oxniation of the sulpluir dioxide to sulphuric acid, and • 
fontis a >*^duide Hulpimr compound not precipiUbte v,,' 
hariiim - iil'inde until aH**r oxidation. 

(' /7i^ ‘tt (fit' St-rtifut fJurHffi/unil : J’rrparation 0 / thr 

Swimm Salt, 

Ktve graniH of /ek-fiZ'Kiuijione were reduced in aqueous 8olui;<. 
hv imlphtjr dioxido, and tlic [irndurt was extractofl with ether, Ti ■ 
hipitd left wa» h'-jlt-d until free from ether and sulphur dif>xi > 
neutralisefl with hariuni rarl)onate and filtered], and the aolur,.; 
of the hariiiin Halt s/> ohlalned was carefully precipitates! 
sii^ianu suljiliatc and aj^ain Mitered. The solution of the 8r»iia; 
salt wan <-vaj>orat(‘d to drvrurss under diminished pressure, and ti - 
r‘*>tdiie wM^tlo'd wdh ether. There were thus obtained 1‘77 
of a hr'‘wn, tTv^talline »ulpvtan<*e, which was decolorised W’jtii f i .r 
foal aii'l reel yst'illi-.ed from methyl alcoliol. It crystalli«r^i 1 : 
ainuMt ‘.vlut** leatlfts; in solution U ifave a hluo coloration “a t. 
ft'iTir I'lilori'le amt niher reactioiis ciiaracteristic of a (pm 
}UiI|dionat«> fSt^yda, //^r , lss;p 16^ G.SMp One gram of j}\» u 
<jiiinoue. that is Jo [,t>r cent, of tlm amount taken, should v;. ; 

! !)«) grains (»t Hijflmiji qiiirndsnljihonate (Found, SO^ 37 1'^ 

Na Uv'.n ((H u SNa requires SC)^ 37‘7u, Na-lO’^'O p: 

cent 

’I’lm r>M< tinjiH ulin li { tk<* ptm e when p beiizoquinone is red'C 
ill aqii»*onH Holutinii ]py Mil[)hur (lioxidc may therefore he rci'' 

>eut*‘ii as foltoA-v; 

■ 0> . II, su., ^ 

(•.:> <VHd\- ■ ihSO.t— 

'rio' fiiroi.itu n of «juinolsulpfionic acid wlien qiiinol is o\ ■: > : 
hv silver hromitle m ili» |'r♦>^^lMlce of sulpliite was suggested ' 
lb>gi>cli {Phofo. Kuir. ^fi., l^dO, 93) and hy Atulresen (<7o// , 1’." 
IH;')). hut w.is qto'stioned hy Idither and Leubner on the gr< 
tliHt ■ riui^ suli>i it ution of the SO^H group in llie l^enzene rnir!?.; 
is p<>s>il)Ie Miilv ,it I lirly high temperature ami hy the n.se of dr ' . 
sulphuric, acid il.cuhner. Iiresden, 19l2h This view iv 

course, coriei t a* teg uiU the direct sul]>honatiort of (juiiu ; 
sulphuric aei'i. The reat lion in tlie cas<'> now Indng considet**! • 
however, es.s<‘r,(ii\l]y difTerent, as />*hen2oquiiione and sulpli ir 
ac id are the t'eagents voiKorued. It is an inslauce of ” ind.r 



WITH SILPHUBOIS, acid ANI. wnil A1.KAU. l-AHT 1 , 24;). 

. simiUr to thAt whu-h lend, to tl„ form.ti.m of ohloro 

,..nol when concentr,tte.l l,ydroc-l,!or..- add .cte o,t 

■ l!,e formation of quinolsuljd.on.c end dev, do), in,- .olut.o,,. 

:an.!K nee has been confirmed hv l-.nnow V'* , 

. ,,.,1913. 13. 41). who has indited the Jotn^i;;^ 

•rvrioper. 

The forntalion of both suljdtune and and ,„,d 

. r,e|nrt,o« of /el,e„ro<,uinone hy eu!|d,ur du-nde, sn,, ',1,, 
.totlicsts that a .snlphnrous and a,d„tio„ e„nlau,s lo.dentles of 
,.iJj ol the forms; 

1 aureate tl.at the former may lead to tl,e formal, o„ of 
, 0 , mlfdiuric acid, and the latter l„ that of the »ul|d,om.. aoi'l the 
„.:.„ve amounts of each prmlun. I,,.,,,,- determin,sl ,„1 |,v' ih,. 
,,e|.,nl,on of eaidi form ,, resent ,n the snl|dmro«s and, III) ,1„. 
re::..,ve vemnttes of the two rean,,,,,.. 

•..•n. The point, topmlher w,th the const, Inlion of sniphurons 
- H, IS la., no fnrtlier mveslieaie.l in tl,,, lahoratorv 

In the eaperimenta which follow, solutions of ■snipl.nr .lioxide 
, snown alrenKth were employe.! instead of the pa.s, ,„„i estinial 
oc n,e snij.hur.c and form,.d, corr..ci,o„ wa.s n,;„|,. i„ ,n 
ae small amount of sulphuric and p,e.scnl in lh,..s.. solni,,,,,. 


"/ \ iiridfitin i)f It w jHrut urr\ 

hoar ppenn,enl.s were n,a,h. at to, ro,,,,, tcnperalnre (al,o,„ -oo, 

. and 30 re.spec(,vely. The sulphur d, oxide solnt.o,, use, I was 
• " ' ''"‘''•■I and 1 ,n a cur,,.,,! of 


Tahi.k I. 


m?«Tn‘ 
t ,rr. 


1. 

«|uinono 

soiutio]! 

, gram in 
UK) c c. of 
wMerfad ;t d 
to !i) 


Sulphur 

<iioxido 

Bftiutitin, 

c.c. 

50 

witii 'Z^y) r. 
of tt nttT 



C-U5 gram in 

25 

.’•i 

c.c of 

(atJdfvl 


VtftUT 

■K) 


0-25 gram 

50 

•■‘O 

solid faddixl 

W)th c. 


to y/j 

of waf»T 


O' 25 gram 

.50 

Hi) 

Solid fa*ide<i 

w th 3.50 c ( 


’ to/;) 

of wator 


Uariurii ^uIjOiAtu 


from 

«iil|>hiiri;‘ 
a< id foruirtl 
tiriUFi. 

from 

«ul[t!ionic 

HCitI 

< Iram, 

1 Otill, 
nrajij 

0 no: 

Olio: 

0 5331 

04u;o 

01107 

0-5333 

0 4221 

U 1172 

0 5303 

O' 4273 

O' 11.53 

0 5420 
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: THE KEAiTlOX iW P'BESEOQt'lXOSE 


l OioxKie, which wax also allowed to pass through the appaj . 

lux ittrous^lc^ul ‘•a*'h exf>eriment The sulphur dioxide used * 
always in e*cc«i of that actually rKjuired to reduce the amount 
j>V>efiZ<X{UiOonM taken. 

Kf'uii the results shown in taUe I it is obvious that change 
Lerni^er^ture wUhtn the liniits taken is practically without effect 
ilie reUtjve /iiiioutiU of suijifiate and sulphonate produced. 

liriin^'tion tt) thr. of li ydfochlortf. Acal, 

Taule 11 . 

i Niii ■ 

r enlmtwi Barium sulpbato 

hy<lf'> Sulphur . 

• hi/ric. ilioiide from from 


;; lierntr^tiiUiorte xoiutlOO. sulphate. Mllphonate. TiiUI 

*-olut>'i<t, '• e. e.o. (jwm. If ram. (inu:: 

0 Vi Kram in :i 75 e c. 

(jf water o »'* Vi 0 41«6 0-U67 (ym.l 

U i;rnfu in -75 <•-*'. 

uf water Vi 0 4U2 0-H63 

0 '2!i I'ram in I?.'* 

uf water 2u0 25 0 0374 0*0112 0*0tsr, 


Tile y> h.nz^ejuiuom* w;is (lisjU)lve<l iti the stated quantiiv • 
water, ;iri'l tlie 1 :tiided . this was follow’ed by the additi* ?; 
the i^ijtphur diuxi'le srilutinu^ wlieu in ear'll case the yellow r* ' 
of the pU'Ji/.ofpunnne solution was iinniedinttdy di^icliargisl |r 
obvious, h'>\v»-vt*r, tliat mm h liydro<“ldoric acid greatly aflevt.s 
course'' of the re let ion, Tlial tins is due to the formation of cIm r 
<juim)l was prove. I liy dt.ssolviiig f) grams of /^hxmzoquiiK't.- . 
■J(H> f r Ml water and a i'ling b-X} c.e. of enneeutrated hydrocl’ -v. 
acid, ( 'hloroquiiiol was easily extriclcd from the liquid with eti r 

K, /Cfdurfton of p in tht Prnruer of 
Alkali liydrnxidf. 

Ill A si'ncs of experiments was carried out with varying aHi< 'o '* 
<*f alkali, t’nrl the results ubUined are shown in the tables bcl- m- 
In each expcrimenl the vnlume of alkali (0’3080;V'Sodiuni hy - 
oxide) state^l in th»' table wah jtlaced in a flask with water, ni.ik:r. 
together 27.0 c c. ; 2,0 c c. of sulphur dioxide solution (0 2734. V i w-r' 
then ad<led, followed bv the /^henzoquinone in 100 c,o. of lor 
The mixed snlutituis were aeidifieii after remaining about ' 
minutes with in cc. of concentrated hydrochlorir acul, an I - 
e.xcess of sulphur tlioxide was hoile'i off. As tiie sulphur u;' \r* 
was always in exc ess of the amount required to reduce the q.Hn •* 
slight variations in the strength of the solution used had n-' 
on the resulU'oUt-ained. The solution was, however, atandardiie; 



WITH SJULPfU'ROr-S A(’ll) AND WITH ALKALI l AiU L 


r . jn UIU6 to Uiue, aijci ^'struiHtitnis of the miuouuU of sulphuric aoiti 
: in it matie. TIjo U^urr'S sivcii in tlie trthie;» liJive Imvh 


accordingly. 







Tahi.k III 
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Itarimu sulpliam 

Colour 


from 

frv>ni 


1 nk^L 

on addina 

Ooiniir on 

kulphate 

kulpbitunm. 

IVnaJ. 

.X ». 

^ benxoquiuuiie. 

•ciddying. 

(.Irani. 

(Jnoii 

(•rain. 

o 0 

eok>ufle«s 

no acid addxt 

0-4l6t» 

U 1 1 67 

0 5333 



eolourl(<iwi 

0 4lt3:i 

0-1 OS 4 

U 5240 

1 u 



0- 41,^1 

0 |07u 

0 522U 

i '* 

1 very pals 

\ je^w 

marly ci'lour \ 
ilMa j 

001 

0 4_’lH 

0 4463 

yu 

1 Lright giten 
. oiwngiug u> 

very pale yel 1 
low 1 

0 0106 

0 3087) 

0-3251 


’ yellow 




: i 

f^-brown 

yetlow 

0 ulgl 

0 

0-2353 


daricredbmwn 

brownikb-j cllow 

0 01 H2 

0 1 0‘.I2 

0-2174 

1 0 

dark brown 

yellow-brown 

0 u;*07 

0 isy: 

0 2104 

fl 0 

1 \ try (lark 
i Ikmwii 

ycHow-biaiwii j 

U 018J 

U 1 bS4 

O-2O07 


TiiO above reauita sliow that ;is lou^ as tlu* alkali prestuit is not 
ill quantity than is required to fonn sixliuin hydrogen 
-u jJiite With the sulpliur dioxide nx‘d, llu* re.ittious jiroivi'^i on 
; lically Uifl s;iine lines as in (lit* lofal ab.M-iut* of alkali, ljut that 
Hi, I'll this amount is cxceetlefl there is more lli.iii a r«'versal <>f the 
.i.<i;nnts of barium sulphate ohtai ned, marly llie whole of the 
!r*v!jfitato being formal after r>vidising witli nitnc arid, whilst the 
J.tmm siiI]>hato precipiDit-^'d before oxidation sink> to i sinall and 
liiiiiost constant quantity, independent < vipt iimenls sliowed that 
ihf ydations obtained willi oxceiis of alkali, aft(‘r aci*! living with 
va;; isiiric acid, noiitralising with barium ( arhoiMh\ and liltcring 
L'tv*- the blue colour with dilute ferric chloride .'ointnm itidu'itiva 
<! (lie presence of the suljihonate. 

It i.s noticeable from the above that the gradual adrlition of 
<dkah leads to a r^ontinual rlecreaso in the aniount of sulphaD- 
jrvfipitatod afUr oxidation, suggastiiig a progres-dve df^struclion 
'f thequinone, and the following experiinents were carried out with 
• !i« inUmtion of measuring tlu^ exUmt of this destruction by esli 
;; -iting iu residual activity, as regards oxidising ami siilpbonation, 
utcr treatment with alkali. 

-I To 0'!2.5 gram of />-l)enzoquinone in water, 0'308H,V sodium 
v irfixide solution was adde<l; tho action of the alkali was then 
^e> ked as quickly aa possible by the addition of 10 c.c. of conwn 
*f*t#*<l hydrochloric acid, and '2h c.c. of O UTUGA-siilplnir dioxide 
" ‘uiion were added. The total volume of the mixture was then 
C.C., aa in the previous series of experiments.' The excess of 



JU2 THE HEA^TION OE P BEMZ/JQUIVOXE 

Aulphur iho^tvh^ * bojlwl oS. aiul tlie jwlphate estimated Ui. 
ami alter oxuUu*>iu A eurreut of liydrogen was kept i>aiws ■ 
Ihrout^h the apji:»r:iiu- luinl t)i^ «i sulphur dioxide had U. 

Tl«»^ wer*i as Ioih>ws: 


M->hs’iiiar 

NhO 

Tablk IV. 

pfOjKJftein* of , — — 

\ to .w.- from 

Ifftrium sulphftte 

from 

TotnL 


Hkilpttmte 

liulphonate. 

.Stt< d(. 

SO (imin. 

Uram. 

t Irani. 


l>4i6C 

01167 

05333 

1^ sioi. 

1 Mui. o-iHoe 

00373 

02171* 

H .. 

'*« 

1 <M727 

00353 

O2OK0 

1 ,, 014^4 

00256 

01740 

.V' 

I .. 1)1437 

0021 1 

016^^ 

T-* 

(.'b) Kfffct of Ttmr, 

gram of // benzcKjuinone in 35t) c.e. of water, 

33 C.* 


0 iiixliurfi hydroxi<{o were addled, and the solution w i. 

allowed I't remain in an attnnsphere of hydrogen for forly<-i.- 
hours, It was then iridilied, and ‘Jo c.c. of O’ J7‘JLV-sul|dnir di<.M :■ 
sohitiou were add*'-! (mohciilar proportion NaOfI to StK . 
approx }, Tin* wei^dii ui lianuni sulphate ohUinwi before oxidat: 
w.is 0 0014 i^T'Oti, uid att*'i uxi'lation 0 OOSc* gram, tiiving a {■ ■. . 
ot' o ooU'i grain. 

Kioiu tli*> ah-on .-M ries of ex[K'rinu‘nta it appears tliat : 

(U Thu addition of alkali liydr oxide diminishes very mater; iK 
la^th l!i»‘ oxidi'ing power of a solution of /* heiizoquinone an*l a!- 
ttio formali-'u of j^iiiphonie ant). 

{>!) 'rii*' 0 I toll of tlm alkali, althougli rapid in iU earlier ' 
la not, iii'*taiilam'oin, an. I on prolongoal action further changes i.o.- 
place wliu li .dmoHt loUliy prevent both oxidation and sulphoimi. ’ 

Here it may be noted tiiat Mees and Sheppard (/oc. ctl.) slav 
lliat alkali hvdrn.xidi- acts on pl>enzo(]uinone with the form n: - 
t>f qninol ami liydi'ogcn peroxi«le. They were able to obtain O" 
usual blue colour rcc.ctiou with aci-litied diclironiale, aud 
repreei»nt the react i-m by ihe (Mpiation: 

t',dld), JKOll . - Ccn«(0K).4-HA- 

Tlie reaction has bf-<>n questioned l>y Jf. A. Gordon (/ ‘ 

f'htm., 10 Kb 17 , 1) and i\v Kiither ainl Keubner (loc. at.], "!■ 
suggt'st a totally difTcrent action. Up to the present the aut; ' 
has not IxHMi able to repeat Mees and Slieppard s observaP' : 
Aloreover, it is ilirtlcnlt, by means of their hypothesis, to accour;: 
for the re*luction in the oxidising power of pbenzoquim n- 

resulting from 'the action of alkali. The equation given by 



vriH srmitRoi-s acmd and with akkai.k iwiit i M'A 


■ .SKepjafti wohUI tuat lias (txiJisihi," |t(>vvfr shouM U' 

, owin^ U* the 8ul)sti{uiion o^ m mh' vi tin* /* 

, ,{* e<iuivale«t of hydrogen pruxidf, and at ilu* mjiu' lime tin* 
j , uui of suljdioiirtte prtHiiuvd siiould lie d uni lushed owing ti» 
t .. conversion of the quinone iuU^ quiuoh It is jmsMble that some 
i might bo formed, but tins if pri'iltued at all would onlv 

vu very minute quantities (Kald, I'ddi, 22, Tdl) The 

frsulia given in table IV, however, siiow ;» i^nsiderahje decrease 
: ; die production of sulpltate, altlioiigl! ihe ratio of sulphate to 
, jdmnsto actually inoreas<s from sij^litly less than 4:1 when no 
t ft.i'i is used to somewhat more iluui 7 :1 willi live molecules of 
»,;di U> one of sulphur dioxide. In view, tiu refere, of Uie coiu]*Iex 
of the condiUons under whieli the reactions Uike place, the 
:.>uiia obUine<l (tables III and IV) do not af>pear render 
. . ^sihle at present the formation of any .satisfactory hypothesis as 
Cl the nature of the action of alkaline sulphite or of alkali tm 
,dwui*oquinoiie. Further e.v[>eriments are in pr<igre.ss, the resnlt.s 
I wliuh will be coniinunicate<l later. 

Su ni i/o<rv. 

! ) When y>-l>enzi><juim)rie is nvjticeii by Milphurous acid, (juirml, 
..o; li’inc ftcifl, and r|U]nolsiil[ihoinc a< id are jot uiod . t!u* sul|ihoruf 
;.j lo all extent equiv.ileiit to alwml 'JO per conf nl t)io plauiio 
; oio'jie employed. 

The reai'lion is not afTecled hv rca.smiahlt' airiouuls of hydro 
.h III- acid, but in str<uiglv infnbijc<l itv latgo quatit tties, owing to 
;,!■ formation of chloio(|uiiioi, ll is also not malmially afTe<'tivj 
y icmj*eratnre. 

1 4; Wlien p berizoqiiinotio is redmed willi alkaline snlphiU^ tin* 
r^-'inction of tin: sulpbon.its' is ^ra'atlv incro.iscd, \^'hl]^.t. tin* 
iiniiate formeil sinks to a verv small and almost constant 
yaintiiy. 

l| Kurlher addition of alkali icads to a ditiiiniit nm in the 
ant of sniphoiiate formed, without any inereaKe in the amount 
'■ 'uiplmtie produced. 

rf' l'iuged action of the alkali almrist eompiefeiv pri'vent^ holh 
'' A* li' ns 

O'! I/'ithionic acid, if formed at all, is pn^iiiccd in very minute 
■ -•mtity. 

1 Avisii to liianlf I'rof. 11. Hasiw'lt for siigeesting tiiis work and foi 
1 mterest in it. 

‘Mvkwity CouKor, 

KRAm.va. 
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J I 'X \ \ 1 1 1. — / Ar 0 / Cf/inbiuation (jj OVi.v. , 

Sdnt: Hud Chlorine. Port I. 

By JosKi’H KrvvARU Coates »nd Ada Finnet. 

The direct uiuou of nitric oxide and chlorine waa first obs* ; .^ 
m by Cay Cmwac ( Inn. (Jhim. CAy#., [in], 23, 203^ vr 
(irt^vcd th« cofit [Kjjiitiun oi ihe orange coloured gaseous prod a-’, 
ntcdnuring the contraction that UxJt place when two bulbs conr s,;, 
)ug nitnc oxide and chlorine rttjxrctively were put in ooniniui. .j. 
tfon with each other The decrease of pressure was observe-; L 
jii>^ans oi a mercury manometer attachofl to the nitric oxide ' ^ 
but no inentioif was made of the rate of contraction. A rejxi i; 

this rough ex|K.'rlmeot showed that the velocity of the 
was sufficiently slow at the ordinary temperature to be qmu.t.'i 
lively followed. 

The accurate measurement of this reaction velocity is clear! v ^ 
considerable intert^t and importance. According to the equal; ;; 
;iNO rC\-2NOCI, 

the roactiofi should he one of the third order. The number < : 
reactions of whuii tlie kinetics have Wen thoroughlv 
by no means large; i)uly a very few have been slated to !r 
the third order, and these are for the most part reaction^, .i: 
proctHsl at high temperatures and are subject to irreguUnti- > 
to tile in line lice of the walls of the containing vessel.* Tl.e r > 
lion of nitric o.xido at tlie ordinary temperature was fo;i;,i 
HiKieustein ami Meinecke [ZeO&rft. KlfktnKhem.^ 1910, 16. “! 
to be a gas reaction of ilie third order. 

The inler.iclion of nitric o.vide and cliloride, being rapid ,jt 
tempt'ratures, is likely to be 'pure ' and free from irregit,;!.' - 
Further, like many reactions in which chlorine taki^a part, t 
be phoUwnaitivcv Briefly stated, the chief result of the c<.: - 
menU diweribed in tliis communication is that the reiution • 
the third order, when measured at the two temperatures, 

ITS . 

At the lime tlilh inve.sligation was begun (January, T.ll ■ * - 
authors were not aware of any recent work on the subj-ni, 
the results given in this ]niper farmed the subject of a di‘>> 
presented in June, 1913, to the University of Birmingham, r i--' 

• Sit, for t'xanip'f, fto-Unistviu (i'omt)iiiiii»ii of hydrogen and oxvg. , / ■ 
ffhynhf}. t'hfm., 1^199, 29, 6<i5 ; lUxtliinJer and (oxiduiion < ' 

dwxideK /-fit.'b-A. /.(Vltror’^ew., 1903, 9 , 559 ; Kuhl (otidaticii ' ■ 
monoxide), Znlmh. C’Am., 1903, 44, 385. 



XtTRlC 0X1 I>E AND CHU>I<lXfL |»AHT I, 24>4.5 

r 4 iu*» «■« deferred uutil thv wurk liH«i be<*» bi ought iuto a uior«> 
sUte. Quite recently, hoHovt'r, tim authors' atUuuioa 
been cAlied to a j>A|>er by M. Trauiz [/.rttfch. Kifktrtn^htru., 
20, 3^-5, (abstract); Stfzmfi/ihfr. Ufuhitftr^^r Akoti. H i>>., 
At 'i A. Abb. I, Jan., 1914), who has, it apiiciirs. also investigated 
tlj. velocity of formation of nitj-osyl cldoride tjuotes, further. 

i*ark on the same subject by Kiss Arpad ( • A nilr<'geii oxyd es 
A\loT egymawa hataaanak sebeasegerb)/ , bud;»j>est untl 

MAg)*ar ChftHukuaok, Lapja, 1913, Kvi w)u)s<* {>ap<T has 

u.;vare<l in the Hungarian language ouly. Both of these invest 
arrive at the saum genera] conclusion as th(» authors, 
j iwely, that the reaction m terniolecularj it af^peanal, tlierefore, 
advisable to publish at once the first reaulU, roeerving those of the 
fvixTimente now in progr<^ for a second communicatioji. 

ElPEKIMENTAt.. 

In principle the method adopted was as follows; A known 
quantity of nitric oxule was injected very rapidly through a capil- 
:ary fube into a bulb containing a known quantity of chlorine. This 
byih was connected with a protected mercury manometer, so that 
!!;»* rate of diminution of pressure at con.stant. volijino cmild 
•adily meaauretl. The use of a mercury marjoiueter is, of course, 
»{i.b^rid ffifficiilt by the fact that chlorine and iiitrosy) chloride 
ipsdly attack mercury. Protection hy a short i-oiiimn of syrupy 
haqdionc acid or sulphuric acid waa uns.itisfacU)ry as the lujuid 
<>i uiiiy retardofl the jnotioii of the mercury hut also did not 
arqj’ei^iy protect it. The interposition of a cu'^hion of uitrogcji 
the reaction bulb and manometer was found to a/Tord a 
iuch better, although not a compl('te, jirob’ction. The l)o«t wav 
ut of this difficulty lies in the em[)loyiiieiit of a quartz manometer 
tee from mercury, and this plan lias been adopUsl in tJje most 
■refit experimenta (not descrilxid in this paper), 
h’of (he lubrication of stopcocks in contact with tljo readivu 
iHith phosphoric acid (prepared l)y Chapman and (iooh 
T., 1911, 99 , 1736) and a special lubricant recoinnicndeij 
. buye* [J. Chit/i. Phy^.y I908, 6, 7o()) and hy Woiirlzel {.Ij'him. 

' 1913, 11 , 31) were used. The latter consisted of a mixture 
: and stearin which had been repeabdiy saturatfsi with 

-‘Tine and heated in a vacuum; altliough it required fairly 
nqu-nt renewal it had the advantage of allowing ojie to turn tho 
fKTxks more quickly than could bo dono with plio.Hplioric at id. 
^ ‘rtiwr, phosphoric acid was not entirely free froitj attack. 

of Gmti , — The chlorine waa prepared fronj pure 

* aie iadebted to Prof. I*. A. (Jaye ff>r a firnall sample of fiiifl lubriean!. 
VoLCV. 7 u 
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p«r.n.rgan.t* and hydrc.hlonc «nd, *.ahed with ,, r 
c-opper *ulpha.« *ol«l.on and concenlrau | 
.ulpLnc acid, and finally dried t.y ...can. of phoaphonc o.jde 
Tin, nitric ox.de «aa p.cparcd by dropping 50 j*r cent, .ulpb,.., 
.,.,d ...to a con.*..lratcl aolutio.. of poUaaium iodide and ao-t,., 
‘it,.,* ...Olecular proportions. Arid impuntie. were |^ioved hy 
L«.ng the gaa through .on^ntratcl lK,taas.um hydrox.de 
ind oir ll.n solid alkali, and it wa» finally dried by ph«pl,cr, 
„xida Owing to tl.c ....|«,«ib.l.ty of storing nitric oxide ov,. 
water with whiel, it reacU with the formation of nitrogen 
/nl.rh f’hr,,,.. 1911. 50, 401), it was collected in a 3l .r- 



glass I...1I....M (fi'l. .Mtcr rc|>ealc<l!y exhausting the geii.T.' ; 
.nu.ra.i.H a..d l«ll™.., an.l washing out with nitric oxide, tf. ; • 
was na.s.scd inlo a n.or-.iry gasholder (A'), from which it was 
into the halhain i.ntil tiie pressure in the latter was al»an «• 
jitnuispluTe:*.* 

Ih.rnpUnn of the Tlu> reaction vessel a-1 

of A glass bulb ol 240 fi c.c. capacity, at the centre of whsrh 
tituateO a t hermocouple of pbatinum and plaiinum-rhodunn ’ 
the wire being completely protected by a very thin layer ol 
The couple was connected in the usual way with a sensitive Tnoi-* 

• A made solution of f«rront su1ph*t^ abstirbed 99"9 per cent, of a ki 

of this gss, •• 



gaseoI/S mtric oxide akd I'liLORixr 


r.uiT I. iM7 


g,l»«iometor. an, I the spot of light niov.^! over al,d„t HO scale 
.|,v:sion» for a temperature differeni-B of 1 Allhou.-h (he hull. 

kept in luelUug ue. the lemix.ralur,- always ro« rapi.lly to 
t nuxinium on miliug Uie gases, tl,,.,, giaduaily f. ll »gai„; a 
j!»«i-e atrtoUhlw wtll show the general ceui-se of the teiniH.raturo 
change. The temperature at the centre of the hull, rises somewhat 
fcicber than that at the cold walls; however, ,n the calculations a 
uniform temperature e<itial to that at the .eiitre has heeti assume.l 
The bulb A was coiuiecte.! by the shortest i«»aihle length of 
..■afoliary tubing through a iiiercury protectetl ihrecMvav stopcoeh I 
pair of glass bulbs, N and of whicli r was’slighUv the 
■argcr. The volume of it from the stopcock to a mark oii tho 
lale coiuiecttng It and V was '.'lUl c,c. The hull, f was inter- 
pjwi between It and the mercury reservoir in onler that the 
mervury entering it should not warm the gas above it. Tho hiilbe 
,1, H. C were completely immersod in a hath of water or melting 
..e, whilst Uie capillary between H and .1 „■„» alnio.sl. eiitirelv 
:*:;!at*rse<J. The third arm of the lliree way sU)pi*<H'k 1 was rfin 
noted with a mercury manometer . 1 /,, ,in,i through a tlir.s.way 
with a reservoir D, which served to a, I just (ho pressure 
ft to any desire.! value. !, was further con„e,-,ed as shown 
sail the balloon A of nitric o.vidc, which wius joined to tJ.o auviliary 
o-.rvuir i and the apparatus for generating nitric oxide Fo'r 
i!ic admission of chlorine to (he I, nil, .1, .a branch capillary hvl 
:r..,n that connoting A and H through a three way stepc,„-k :i aiul 
.1 tula, of phosplionc oxido to a mercury manrnnetc'r .1/, (not drawn 
m the figure), prntectcl fro,,, attack by a layer of Concentrated 
..:Hn,nc acd and then te (he ajiparatn, for generating ami pnrily 

I, lorine. The rcaelioii hull, .1 was further i.rovid.al wit |, i 

-ry exit winch served for cxlianstmi, and for nica.snnng (he pressure 
■, me reaiiting gases It was connected willi a three wiiy sh, ,.-o. k ■! 

' ami o winch led to a reservoir of nitrogen whilst the other 

J, an« to a mercury manometer, .1/,, and a Toe,,h.r nump 

f...tcc.cd by inercnry and sticks of potaasnim hydroxide The 
IT Z had a bore of 7 mm., and were provided w„h mirror 
y,,;’ ‘ I? '‘‘'■‘"g. K'eflier, the a|,|,araLii.s was w,-ll dti,.,| hv 

"•'■'I' 'i'-y air Iin.ler dimi„ishe,'l 

^ Alter e.xha,tsting, washi.ig out with nitric oxide, and scaling olf 
- aite connecting H and D, and filling tho system D, iL It C 
^..1 mercury, nitric oxide was passed into D, an,| tlionce into’/! 

tile m ^ 

.aiing the mercury m D. ^ 

7 U 2 
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(iMitrslion of chlorine wa» begun nevernl hours before the o , 
,„e„cer«ent of an experiment; it was allowed to earape at the 
vihM 3. » sample tji the ga.< (about ^0 cx.) Uken immediAW;. 

I^ofore an fxi> 4 :riment was coinplaely absorbed by concemru . - 
afjueou-^ potassium liydroxide. The bulb A aud connecting 
(prevmudy well dried) were eshaueUd several tunea and vra- 
out befmJ bnallv hiling with chlorine, tbe stopcock 5 being 
and M, completely iUIed with mercury. For the purpose of 
ifig tiie pre^ure'of chiorirm in .4, 4 being el(»ed, 3 was opened, iW 
7 wa.H very rarefully opened until tbe pressure aa indicaUd by 
wa/that'deiired or slightly in excess thereof; in the l.tt.. 

the prei«ure could l>e reduce<l to Uie correct value by ^,-r. 
dightly ffpening 4 and 6, 3 l>eing now closed. The spa<x bei.-w 
4 G aful 5 Wiis then exhausted and filled with nitrogen froni ^ 
The pre*»t“r^' ‘n 1 checked by fixing the pressur. 

the nitrogen at the value that should obtain in .1 (5 and 8 ).m; , 
opn), and then puiLiiig A and into communication throu.-n { 
no movement of the mercury in .4/^ should be obeerved. Afv.^ 
ch/8ing 4 the prewiuro above was adjusted as nearly as jm-::;- 
t/h the value tiiat would obtain iu .4 after the addition of liitr. 
oxide and at the time observations of the diminishing 
would be cofMitiencefl. A fair approximation could be mad.- a::- 
rt tittle exi)erience. The mercury meniscus in was not n. r 
than 5 mm. fnmi the capillary continuation, so tlnat the dead .p .v 
containing nitrogen had a volume of not more than about U - • 

// having been 111 led witfi nitric oxide at known pressure an ; 
viously fiescriU'd. mercury was allowwi to enter the bulb unto t. 
pre^ure wii.s nrarlv two atinusplieri'S. Then, at a given time 
a ami .1 were put into communication through 1; nitric oxid-- 
thuH very raf>idly injected into .1, and after a little pnuiive"- 
rising niWrury in It could Ije stopped in the capillary n* ir ' 
stopcock, which was (quickly closed. 

This pro^'t^s <if mixing occupied as a rule about ten to i iv^- 
secomU, The time of mixing’' (^-0) was Ukeii as the 
tlie tiiru'e of i.'pcijing and closing the stopcock 1. Howt-vt !-. 
imletinitcnoss in the ‘ time of mixing " l>ecame inapprcciah!*' 4'/ • 
time at whicli trustworthy pressure measurements were conm.'' • 

Imme<lialely after closing 1, 4 and 5 were opened, tln n ^ •- 
very carefully ojHUied sliglitly, the direction in which the n.» r " - 
began to move noted, and the reservoir II cpiickly adjuf-led ui ' ^ 
position was found such that 8 could l>e completely opened u:t. .• 
causing a movement of the meniscus of more than one or ' 
moat two mm. from its initial position. Then, a» the prc^sliT'? - 
A decreased, so the reservoir li was steadily lowered in such a 
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liii: the mercury meuiscuf below 5 remain«il ,« • r i 
jta. »ald bo done quite utttfwtorily AfterT^liit]- r,r^ r '’‘"’"'‘ 'V 
of the nghtrhand limb of Ui© manometer Head- 

„ po-ibl. (uoually about a minute ,f,or .r™nR^L"d“tek^'' 
throughout »t gjTen time aigmU,. Another observer^tLrr ^^*!!! 
umpcMtu™ readings. When the mereurv ■.»«' i ^ 

,;jas of corrosion, the gas above it was rapidlvTeolaeft't''’ 

^ruhy ^ng i and 8, eahausting. admitting nitro^„ fitmV'an'l 
..caily reducing the pressure to that which obuLl i / 
n,»t«i by extrapolation). Stopcock 4 was then 
yv*s\ir9 readingB continued. This operation «Ji<l 

1.0 or thr«i time, during one ex;::’!::.:!."" 

hi the experiments here recorded th« nifr; > 

.,.rc taken in equivalent proportitl m:;;:;:':;;; 
f. one of chlorine). The initial partial preaeure of t l,r ' 
about 1 third, whilst that of the nitric . •Illorine 

ihnd, of an atmosphere, so that the initial 
!«,. gasee from the point of view of the law „f mass „ ti„n w 
«ioal, namely, a third of «„ atmosplmre. Vclocitv ron«,» ' 

calftilaled by meana of the intecraled «, c "slnnU were 

s,.. „d 0,1 “ j;7:“ ;i”'~ •> 

I. ». - yi'.. p_ i/i I 


‘C 

iflVu* 


, ^ .,Vp. 

IS the initial partial pre'isnris ni i 

t;:;":::;:;-:';:::; ’~: 

.,g.-r.„ce between tbe initial total pressure (/■ , .nd ihc , 

■r,^ore obaerveil at anv l.iiiie (/'I (, /■ /V'l„ 1 

-^urc of the chlorine at that time ISO !r ' 

liT tills method of procedure the valirliiv rf i\ i 

>«itly sssunled; tins 

■ m this senes nf exj>enmenU they have l>een neePaHil 
-.n.mensurate with the expnmcntel erroi; ^ 

, 'o... t"''* 

- 1 ';r.C'w Tit* 

^ trustworthy than those that follow. 
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Table L 

Vol, of h«lb .1 'J40 r) c.c. Temperature = 0®, 

Vol of hulb // 205 0 c.c. Barometer- 753*4 mm. 
I’r^^surH of nilrir oxide in ^ ' 593*3 mm, 

Iiiitia) prir<)fcure of chlorine in A --252*8 mm. 
Initial preiwure of nitric oxide in .4="505'7 mm. 



r. 

y riiiit. 

rnm. 

K, A 10- 

A', / 10'. A' xlO». 


00 

0 0 

17r)H.5| 

(252-81 



— 

0 

2 3 

39 

6764 

161 3 

8-5 

9-8 

4.95 


30 

3 t 

662 9 

149 9 

7-0 

90 

4-81 

41 

3 75 

2'5 

6.51-9 

140 3 

6-K 

8-4 

4 70 

44 

4 ;' 

2 15 

642 9 

132-2 

6-3 

80 

4-62 

4- 

Tr T> 

1 H 

633.5 

123 5 

5*7 

7-5 

4-54 

■*ii 

fl-75 

I..*; 

623 4 

114 3 

5-1 

7-1 

4-51 


>i 5 

11 

612 5 

104-2 

4-5 

8-6 

4-50 

■''V 

11 0 


602-0 

94-2 

3-9 

6-0 

4-41 

til 

14 0 

0-7 

592 5 

85-1 

3 4 

5-6 

4-37 


170 

or* 

.5H4 5 

77-7 

3-0 

.5-2 

4-41 

f,<4 

20- f) 

0-45 

.57 N' 4 

71-7 

27 

5-0 

4-47 


270 

0 3 

50 K- 5 

62 2 

2-3 

4-5 

4-50 


400 

0 2 

552-6 

46-4 

1-6 

3 8 

4-88 


670 

0 1 

543-3 

37 3 

1-2 

3-4 

5 25 





Table 

11. 





Vol, of .1 24U'.5 c.r. Teni}>eriiture -0'^. 

V'o!. (>f bull) H !'n *n c c. ItaroineU'r 749*1 nim. 

of nitric oxide in // 5 78*0 nun. 

Tintia.1 prcsniuv of nitric oxide in .1 507' I inm, 

fniti;il prc'isurc of chlorine in .1 253*6 nun. 


nnti*. 

r. 

1'. inni. 

}>. IIIIU. 

A, - 10*. K, 

, 10*. 

A, lO. 


01) 

0-0 

(7607] 

(253 -61 





3 0 

2-8 

072-1 

156-8 

6-9 

8 1 

4 19 


35 

2 4 

665-1 

152-2 

6 4 

7 5 

3-96 

c 

4 25 

1-95 

653 1 

141-2 

5 9 

7-4 

4-08 

u 

8 5 

1 05 

019 4 

U08 

4-2 

6-0 

3-88 


05 

09 

614 0 

105 1 

4-0 

5-9 

3-95 


125 

07 

602-9 

94-2 

3 4 

53 

3-90 


14-5 

06 

695-9 

87-6 

3-2 

5-1 

3 96 


18-5 

05 

585-8 

77-7 

2-8 

4-8 

4-05 


22-5 

04 

579-2 

71-4 

2-4 

45 

4-01 


265 

03 

573-7 

65-9 

2-2 

4-2 

406 


32 5 

026 

568 5 

.58-8 

20 

4 0 

4-20 

:* 

40-5 

02 

5603 

.52-8 

1-7 

37 

4-23 


59-0 

02 

5504 

42 9 

1-3 

3-3 

4 55 


72-5 

01 

545-4 

380 

M 

3-1 

4-66 

V 
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Table HI. 

Vol. of buib 'f -'240*5 c.c. Temperature 0"' 
Vol. of buib iJ-21T0 e.e. Barometer 751 3, 
nitric oxide in li - 584 0 inm. 
luitiil proMure of nitric oxide iu .4 =^512 3 mm. 
initixl prMBure of cblorioe in A - 255 3 mm. 



r. 

/*. mm. 

/• tmu. 

A', ^ 10‘, 

A', s I or 

A ; V hr 

1 yvr 

oo 

(VO 

(767-61 

4555-31 




0 


t-7S 

675 1 

1562 

71 

6-3 

4-27 

39 

3^5 

SS5 

666*0 

1462 

6-7 

6-3 

4 31 

43 


ISO 

6520 

135-2 

6-1 

7-6 

4 37 

47 

5-0 

IM 

6470 

130-7 

5-8 

7-4 

4-32 

49 

ao 

}3» 

6365 

123-6 

5 3 

7-U 

4-25 

53 

so 

1-00 

624-5 

109-9 

4 5 

6 5 

4 21 

57 

too 

(V73 

6138 

99-7 

4-1 

6 1 

4 28 

61 

i:o 

4V6S 

605 3 

910 

3-7 

5 6 

4 32 

64 

150 

(V50 

596-3 

82 9 

3 3 

54 

4 35 

66 

200 

0-35 

564-8 

71-7 

2 6 

50 

4 47 

72 

310 

(V«0 

671-0 

58-2 

2-1 

4-2 

4 51 

77 

.^7 0 

(VIO 

555-0 

42 5 

14 

3 5 

4 70 

83 


Table IV 

Vol. of bulb A ^'lO o c,c. Temperature 14 8'\ 
Vii! of bulb J9 — 2110 c.c Barometer 7f).V3 mm. 
}*re,>«ure of nitric oxide ijt If 582 inm. 

I'jitift] pressure of nitric oxide in .1 51U d liim. 

hiifial pressure of chlorine in A - 255 3 mm. 



r. 

mm. 

p. mm. 

A' y 10*. A\ > 10‘, 

A' , 10“ . 

j- Jn'C 
rtiit. 

00 

14-8 

(765 91 

1 255-31 

-- 



0 

1 '• 

20-5 

698-3 

174 3 

11 1 

1? 1 

5-86 

32 

^0 

18 3 

681-5 

182-8 

9-8 

110 

ii-62 

36 

30 

17 0 

658-3 

142-7 

8-4 

10 0 

5 62 

44 

40 

16-4 

641-5 

127 3 

70 

9-K 

5-60 

50 

6-0 

15-7 

821-6 

109-3 

6-1 

6-7 

5-70 

57 

&0 

15-3 

603-3 

01-8 

4-9 

7-7 

5-77 

64 

NO 

15 0 

587-5 

76-2 

3 8 

6-0 

5-60 

70 

20 0 

14 8 

574 5 

83-7 

30 

5-9 

5-78 

75 

.HO 

14*8 

564-7 

."N-l 

2-4 

5-2 

5 82 

79 

i^O 

14 8 

535 1 

24 5 

09 

3-1 

7 00 

IH) 


Trin^tworUiy readings could not as a rule he made during the 
!*’ lliird of the reaction on account of if« rapidity. The valu<« 
• h'-. and show a distinct drift thnnigliout, whilst thwe of 
V- remain very fairly constant until about. t,hree*quart<5r8 of Uie 
■‘irtion is over, when they l)egin to increase. Assuming the 
■jvtifin to be of the third order, this increase in the constant 
that the pressure in A is decreasing Loo rapidly; for 
‘twple, in table III» at 31 minutee /'(corr.) ~-r570'5 mm., wdiereaii 
^♦uming irj=:4‘3 x 10-®, it should be 572 mm, This is doubtless due 
Vdaclc of the mercury, which, in spite of the precautions described, 



2452 LrjATKH AM> VlSStY : THE RATE OF COMBINATIOX. EK 

could uot b« outirely avoid«d ; this effect nstareilj beceme mvr* 
mAikfd m the later sUgce of the reectioa, end the oonst^iiu 
began to iocreaiie at about the time when the mercury ihcu^ 
distinct signs of atUck. Further, toward* the end of the react 
the walls of the manometer tube in the neighbourhood of ih. 
mer^niry meniM Us Ucame dirty, making it more difiBcult to keep tU 
njenisctw at a fixe<i ftosilion. Owing to these diaturbancea aatis-V 
torv readings for the end of the reaction could not be obtai!>t: 
t’ombi nation may be Hssume<i to proceed to completion at the ! w 
temperatures en pl' yed. Only one trustworthy set of readings 
obtained at a trm{#erature al)ove rero, namely, at 14 '8® 

The mean values of the constants may be taken to bo 5‘7 ^ lo < 
at 14 8^, ami 4 2 x 10”'’ at 0^, expressed in units of mm. of mer< urv 
and minuu-s. Tfi '7 may be converted into units of gram*mole. 
prr btrc by m‘'aiw (/t tlie equation tiKT, so that i 

jM-r /' ^ 0 where is expressed in mm -x 

mercury, and V denotes volume in litres. The factor for conv*;;-,^ 
A' it.to uiiitH of molecules j)er litre is (760 x 0‘082T)^ aiul in 
units A' h iH llic values 1216 and 1H20 at 0"^ and 14*8'> respenivx;. 
The coitsUnl is not in agreement with that given by Kiss Ar],x 
(/or M?.), who foiiml A '3 ()'262 x 10"5 at 18"^ (in units of m:: 

of mercurv). Km on tlie above- mentionerl values of A' it appear" 5; i- 
the temperature coetVicient is very small (about 1 23 for an imr^'-iy 
f>f tettiperatiire of lu^|. and in conat'quence the effect <01 u- 
reactmn vehM-ity of initial ris»‘ of Um|>erature on mixing tlie ixy- 
is small Trantz (foe n/. ) lias calculated that, according to Iris ii> r. 
(if reaction velocities, tlie temperature-coefficient sliould lie be!w<-e 
{) 1)^ and 1 1 1, and lie considers the most probable value to h<* 1 ‘ 
vvlucii is in fur agrccmciu with the experimental number . - 

iiUtve. 

Further cxperimcnlal wiirk is in progress W’hich has i«'r .‘c 
nbjwd the more accurate determination of the velocity 
under varying conditions of temperature and concentration, ant » 
study of the effect of light, of extreme dryness, and of the 
of tile vessel. Special attention has been given to the purity 
the gases, which hav^ been prepared by fractionation of the iK} -- * 
and for pressure measurements a sensitive quart* spiral manon.' 
has been constructed. 

In conclusion, the authors wish to express their indel>i<dn« 
to tliB Chemical Society for a grant which partly defrayed 
coat of the research. 

THsCorMicM, Lasoratori^, 

FnIVEILvITY of blUMIHcHAM. 



iiEVERAL VETUOl) rOR PREPARATIOK OF 


fiLYOXALS. ETC. 24.W 


Cr)im.-A Ge,>eml Me,ho,t far ,hr fa 

hlyoMih <i)id thrir Actlals. 

By Hekbt Dbtsdal* Dakin and Uakoi i, Ward Didlet. 

.Isn a fa* rap^nUtiva, of the group of a ka.onie alclahvdaa or 
,.y.;rAl. hare bi^n huha,^ pra,«rad. and n.othixl of wil 
... Kability for their ayntheais haa lN.e« deairilR-d. GIvoaal it^lf 
las iN^n obUined by Harriea (Ber., 1907, 40. 165) aa a' ye!lo«ial>- 
S„ru 0“ hng with plioaphorio oxide Ihe crmie poly- 

p^uct derive,! from the oxidation of acetaldehyde or 
m,m.r «ib.UnceE Ihe aceUI of methylglyoxal waa ,,r.,,,ied Iw 

^7: ■ p 

... .,l,yl diethoxyaceUte with magneaium methyl iodide. Thi, a ih 
a,.nce on hycbolyaia with dilute aulphurio acid waa almwn hv 
M.-:a.nl,e,mer (flrr. lOD. 46, 9635) to yield methylglyoxal. which 
. eventually isolate,! as an inle,,a,.ly yellow, volatile li,|«id r,.adily 
.nM.rcomg i»lymensation. ..oPropylglyoxal was obtained by 
. nra.l and Ruppert (lUr., 1897, 30. 862) by heatiim tho acid 
tolH-o;C.Me,.CO,n with water. Phenylglyox'al was ^re pll b 
lechmann fler., 1887, 20, 290.1) by hydrolysing'with dibit;. 
,a_.p,„,r.c acid the prialnct of the action of so<|inm hydrocen 
•a.nline on oxim.noacetophenone, whilst by the same metlmd 

.. ..23, .160). It IS a ciinons fact that the .synthesis of i.hcnvl 

..y..,v.d IS frequently unsncccs.sfni owing to t.he pro.luction of large 
i-unntiosof a rompoiiiu! beliovoii hy Pinner {/irr l%)o 35 4 , 3^5 

0 . l.e 2 la.„xoyl.5.phe„ylgIyoxaline.l .sulphnnic a-nd.’ The' conditions 

i.o.svury for success .to not appear to be completely known These 
' ■.lethods winch li.v,. Is-cn employe, I for the preparation of 
..>«.s.a do not appear to be generally applicable for the prepara 
at Other homologous glyoxals. The authors have re,-ently 
evidence tending to show that glyoxals may play a role 
ii... intermcliary metahohsm of plant and animal cells and it 
'■Mine de.„rabl 6 to devise a method for the convenient synthesis 
■ 'lie*,- .'ompounds. It has been shown that « amino- and 
» . Ir.cxy acids on .hgestion in .lilute aqueous solution with trnitro- 
■ •.qlhydraxine give the his/M,itrophenylhydraxon,.,s of the corre 
...k' glyoxaU (J. Bu,l. CViem,, 1913, 16, 127), but this reaction 
.I.v nnsuited for the preparation of the glyoxals themselves." 

('.f ™ii.o.iiu.i,l, ,n„„r.,oe 

, .. .0 gi)oxals«Dd water (or aiiiinonm) : 


R*CH{0H)t.'0.jH ^ Rv-O-CliO + HoO 
R*CH(KH,)C0.,H — R-CO-CHO + NH,, 
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A convHiient iiietiKxi hr tiie synthesis of most glyoxals aud • 
aceUU U <>n preparation of oihyl y-diethoxyacetoMet&u 
Thb kKofiic f^ur readily obtained in excellent yield by the cod 
dentation of ethyl dieth ox y acetate and ethyl acetate by means o; 

On hvdfoly^inj; ethyl % diMhoxyacetoaccUte with dilute aqu.< 
hv<ln.xi'l- Ui<- x«>tal of inrthylglyoxsl i» I^dily obUii .,i 
whi. li i» lurii yiv<-x m'tliylijlyoxal on fwiling with dilute sulplmt, 
arid : 

ClbOKt ), rOoKt i t II^d’O.Kt — )-CH(OEt)/CO*CIVCO,Et-^ 
f H(()Kt) .'(‘0-C’K3 COn-CO-CH^. 

Kilivl V di^-ti.uxyifttoacctate is readily su>*t.itute<l by one or 
aikyl ^rotij-s hy sio t with so<Uuin and alkyl halt;iay 

aijtl from th»- r«‘HEilting substituted esters we have prepan-o . 
Variety of udyoxaU and tlieir acetaU ill satisfactory yields. 

Since jdu'uyl haloids .|o not react readily with the sodium d^r:-. 
at i VOS of a«otoarfti. osiers, it aijpeareil improbable that Vh-uiv’ 
j/ly-ixal could ho jirep irod bv this method of synth^U. Acr. r: 

we liave synthesiavl this substance {J. Btol. 1914, 18 

42) by a nK>*liticalitm (d Wohl and Lange's method by treatin-: tb 
|dpcridido of dlivl <lict linxyaivUte with magnesiurn benzyl v 
Much dihcnzvl is formal simultaneously: 

(‘IlfOKt . {’If .VIrMgl— > 

vH(oyx)AW:ihvh 

With the exception of fxopropylglyoxal and l>enzylglyoxal^ wh 
iir.> white, crvstalline solids, all the glyoxals which we have prep.c. 
.ire yellowisii grtM-n liquids nf idiaracteristic cxlour. They may - 
distilled umh-r diminished pretksurc witlinut markefl decoraposit;- : 
and tlie vapours res+'iuble < lilorine in colour. All the glyox>i- 
{iifwolve in urganii' solvents with the production of an inl^r> 
vellowish i;riMm solution. They reiliice ammoniacal silver soIuti> r* 
in the cold ami Kchling's solution on w’arrning. On treatment » ' 
hydroxide they yield the eorresfmnding hydroxy 
whilst the en7v?nc “ givoxalase. " whicli we have found in n.c 
auimal tissues, hiings about a similar reaction except that ' 
re.sulting hvdro.w acids are optically active: 

U-rO-Cl(O r ILO 1LCH{0H)'C02H. 

and that thi* th<'HUiott '> with nitri'.ph' iivlhydradne, but it ia jscrliapi- ' * 

plausible t.> a^siinir tliil th.’ tir4 I'lMni t of the reaction ia an unsatuM^^ » 
obt.^iiifd ill wry l«nv oiuvulratisui by k-t'Vfunlic taulomtric change : 

K‘l‘H curt C),U 
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Experimbktal 

Ktuyl dieUmxyaceUt^ (8(5 j^rams: I tuo\X sodunn {M granm 
j ...uk), *i»a ethyl aceUte (130 uram^^: 3 inubO for the 

,,..ieruatlon, which was earrie.1 out it. an ap, trains .inalar to that 
j.-rnbed by Wahl and n»l! (Huii. N..-, . l>U;h livj 13 

T 1 he ethyl diethoxyacetato healed to 85 9o , port umis of Kearns 
,! KKlium wire and 9 c.c. of ethyl aeeUte were adde<l at. half hour 
H;trrvAU. The reaction was quite vigorous at first, l.iit sulmide^l 
u ward the end, when the sodium and etliyl acetate could l>e addcsl 
. iatle more rapidly. The seventeen additions <d tliese substances 
be made in about six hours. The liquid, which became 
.Urk brown and very viscous, was stirred continuously during the 
euenment. The reaction W'as allowed to prihwd for four houra 
itler the la^ addition of stxlium an, I rthyl Hcdatc. wlicn there was 
vtol a small amount of sodium undiKSt)lved Alcoh. l (30 er ^ was 
4'i.u-[ to dissolve the sodium residue, ami then (he oil. cooled 
-.mewhat but not allowed to l>ecome too visrons, was poured into 
.. iiuxlure of 130 c.c. of concentrated liydna-hhuic acid and 
i '.o t'rams of ice. The oily layer w^a.s immfsiiately weparalivl, and 
■i,e aqueous layer extractcl ome with a small quant it v of ether 
The oil and ethereal extract w'ere mixed, and shaken with hTHliuin 
..ulumate solution until the aijueous layer was dislinctlv alkaline 
The supernaUnt oil was then removal, the arpieous layer extracted 
lu'e with ether, ami tlie combined nil aii<l etheriMil extract were 
iru^l. The dark red ml was Mien subjected to frartimial distilla 
'H As soon as ether, alcohol, etc., had ,‘eas«-.i to distil over the 
.•peration was condunM under diminished pressure, and a fraction 
mainly at 75 - 78-/7 8 min. was obtained (balli at lOtr ), 

fraction consisted mainly of unchani^ed ethv) <lie( Imxvacelab* 
ethyl acetoacetate. The temperature of ().; t»ath was raised 
:r.imially U) 135<>, and a main fraction passioi over, the thermo- 
rising rapidly to 113 and then slowly to 115- Tl.is fraction 
- Scrams) consistesi of et hyl > <liet hoxvacet/iaretate. 

In order Ui obtain a liigh yield of tliis ester it is essmitial that 
' react ton and di.stillation slmiild be carried out in one day. On 
; -Milt of tiio short, time which can be allowed for drying the esters 
•‘'J-'re distillation, the ethyl acetoaeetate fraction contains a con 
• inahle amount of water, and a little is apt U> jiass over wiili the 
w portion of the main fraction, which shoulrl lie collect^vj »epa 
y refractionating the ethyl acetoacetat© fraction with the 
heated to 75—80^, the distillate passed over at 60 
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6—8 mni,, aud about 5 c.c, of a liquid of bigW boiling p^iut 
romainori in tho dTiUliing flaak. Tho dry firtb portion of th« main 
fractjori was lhg« added to thii residue, and the bath heated 
IW'. A few drofjs of liquid pa«e<l over at — 70®/4 — 6 mi!* , 

and were added to the ethyl acetoaoetato fraction. The bath W 4 . 
tlien l»i‘ated to 130^ and the temperature of the distillate r 
rapidly to 112^/4—6 mm , and remained constant. This diatili.^ 
was mixe^i with the main fraction. The final jrields thus obtains; 
wtrfB 32 grams of the ethyl acetoacetate fraction and 76 gTam*i .y 
ethvl y diethoxyacetoj-' otate 

0 2llfj gave 0 42G3 CO. and O'loofi H/l. C-54’94j H-? 17 
re^iuires C * 5.V04 ; if- 825 per cent. 

Eth^l ’I i* a colourless, highly refr.i>y.y, 

liquid, liaving an odour rcj^emhling that of ethyl acetoacetate, i-w, 
jiomewliat sweeter It gives a typical colour reaction with jiUm/i * . 
ferric chh^ride lujlutioii. 


U tjiirnf t/arti rjj Ktkijl yDuihuxyacttouctttUt: Mtthylglyujtilih: ‘.:l 

CHvCO-CH(OEt) 2 . 

Klhyl y di‘‘l lioxyai:etoacetate (G o grams) was shaken a y 
iVq>ota!witmi hydroxide (31 cx.), wliou the ester slowly dis.sol\.-ii 
the solution turning slightly yellow. The liquid was boiled 
reflux for fifUMui minuU s, wlien a colourless oil .separate<l. This ^ 
extractiNl three times with ether, the ethereal solution dried. ,ii.: 
<Usti[lwi. After the ether imd been remove<l the residual liquid v. 
dUtillw! under diniini.du^^l pressure. The first fraction, boiling a' 
oH Go‘^/2t 3<> mm. (bath at consisted of niethylgiyox c 

acetal (3 grainsV TIu* secoiid fraction distilling at 90 I'ci 
2 4 mm, (l>ath heated from to 160^) was unchanged m*'-. 
(I ’5 grams) 

The met iiy Ig ly ox al acetal Lima obUiued was Identical in pr >i-r 
ties with tiiut deacriM by Wohl and Lange, and on hydrolysis v;?: 
.V 4i) sulphuric arid behavfvl in typical fashion, giving a solutii 
of mothylglycxal, which wa« identified by means of tiie hi«n;tr- 
pbenytliydrazmir, whicit meltetl and decomposed at 300 — 3<>‘J , ^ 

gave tho charactciistic colour reaction with alcoholic v>ici 
hydroxide suUuiuu (,/. 1913, 15, 132). 

Cll(OEt3/rO‘CnMe‘C(\Et, 

A 8<dutioii of sodium (t l grams: 1 mol.) in 50 c.c. of ai-r' 
was addcni to ethyl y-diethoxyacetoacetat© (41*6 grains: 1 m' ' 
jiud a mixture of this and metliyl iodide (30 grama) was hcate; 
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^*r'Jv <>o tfa* w»t«r bnUi for hall an hour, whfn it was neutral U> 
luk AIcoIm^ waa then distilled off, water aildinl to Ui« reaidnal 
j^}*ud, oil which separated was reniove^i, and the atjueoua layer 
<ti*^Aeted four tunw with smali ijnautiiiea of ether. The combiwwl 
»ii(i ethereal axtracts were dried and frEictionated. After tJie 
had been remove<l, the oil lK*ine<l at 110 -11:^ /4 -0 mni., the 
being 42 grama; 

; ilfw gave 0 4146 00^ and 0 1536 \LO (‘ 56 25 ; H 8 60. 

CjjUj^jOj retjuires C - 56 Dt>; U 8 6U fver i^in. 

■]■)*<“. pater »0 obtainwi is a colourlesa liquid having, when frealily 
lE^jlli'd, a faint, garlic-like cxlour. On adding Et drop of ferric 
solution to an alcoholic s^dution of the ester <udy u very 
. .'hi darkening takes place, the clianicteri.'stic ct)lour re.action of 
.r),vj diethoxyacetoacetate having disappeart^tl. 

// y(irolyti4 of k' thy I yOwthojryamf'fhylucrtnarrtutr: HihyU 

ylyinaincttoil^ t\H^‘CO*tTI((^Ktyi. 

A vd lit ion of ethyl y-dietlioxy-a inethyhicctoEO'eUte (15 5 grams; 

•, liioli in methyl alcohol (50 c.c.) was hoilcd with 3.V-poUsaiuiii 
hvdroxide (50 c.c. : IJ inols.) under reflux for half an litnir, when a 
.iourless oil separat^. The liquid w*;is diltiUsl with water, and 
♦-ina' U‘d six times with small qiunilities of ether. After distilling 
fl tiie ether and metliyl alcohol from Uio dne«] ethereal solution 
' jjniitiS of lioilinj.^ ;it 6"J ‘ 10 12 inrn, ()mth 

.? ■'o-O were obtaincEi. A few gratns of uriE-li.'ingE<l ester reriiaitied 
loe distilling ilask ; 

• Jl'jr gave 0‘483-l ClK <uid 0 lO.^l || ,(». t’ 6(t ();]| !(} (>. 

(\Hj5O3 requirwi C 60 0; 11 10 0 )ier cent. 

T; aeeUl is a colourless lirjuiEl with a pleasant, fruity f)ii<inr. 

// V nrul y»\K of Kthylfjlyo.ailnrctoi : Ethyhjhntjitt^ ( l.d f 1 1 1 0 . 

Kt liylglyaxalacetal (4 '5 grams) was bciilcd for one a*nl a half 
irs with sulphuric add (50 c-c. of 11 per (“ent. hy vtjluine) under 
The acetal behavwl like that of nietliylglyoxal, (he li(pti<i 
*«A(in(nie milky on warming ami then clearing again (mi Ixiiliiig. 
til the oil passed into solution, aiifl on dislillatifin rthyhjlyoxal 
i'4pd over readily with the steam, an^l separated from tlio first 
-' fli-m of th© distillate 'as a yellow ml, which dissrdved easily in 

Willi an aqueous solution of scrnicarbazide hydrochloride, ethyl- 
oyoxal gives a monnnr.micarhdtone, which {,Ty«h'dlis<!S 

■rm Witter, and melts and decompfjses at 235- 236'’'*. 
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Hthjl 7 J>iriht*x^ Of difutthylaceioacitatet 
CH(I)Etj,COCM«^/CO.Kt 

A nulution of sodium (2 3 grams; 1 moL) in 35 c.c, of alo^iLO. 
was added to ethyl 7 diethoxyacetoacetate (1 mo).), and a tnixiu.u 
of this and methyl io<iide (aJight exceea over I mol.) waa gerith 
l>oilwl on tlie water bath for hal f an hour, when it was neutral i 
htiims. A second afldition of 2 3 grams of sodium in 35 c.r, c* 
alcohol and 18 grams of rnetliyl irxlide was then made, and aite: 
Ijoding for a furtfn r iialf hour the reaction was complete. 
alcohol was distdle^i of!, and water w'us addeil to the residue, wU. 
was ll’.eti extracted with live small quantities of ether. The etht-ru 
solution was dried and evaporated, and then ethyl y-eliethuiy a<:, 
methylaeettmcettifr (10 grams) distilled at 104 — 10o'^/4“~6 i:;.'’ 
(l)ath at llo I'Ju-'): 

0 2313 gave 0 lOoo CO^ and 0 1863 H4O. C“ 68’42; H — 8 0') 
requires C'~58 o4; H = 8'94 per cent. 

The ester is a rnlnurless lupjid, having, wlien freshly distillel k 
fituil, garlic like fxiour. ft gives no colour reaction in alci.i;. ( 
jwtlution witii ferric chloride. 

If tffiruh/m’f >>j Ethyl Ihrthii.t u-m-timethylacetoacrta^e : 
'vMil'ruinjltjhjh t nltir, CMIMe,,‘(’0-CH(OEt).,. 

riolution t>} ethyl 7 diet li«»xy a dimetliylaceloacetate (12 gr.c ^ 

I mol.) ill melliyl alndiol (27 c.c.) was hoiled with 2.V-potav>... 
hydroxide (27 c,c. : 11 mol.) under re6ux for half-an-hour. ^Va^: 
was then aclde<l, and l!ie liquid was extracted five times with sma 
quantities of el her. After di.st iliing of! the ether and methyl ale /’ 
from the drie<l ethereal solution, V grams of {sojyropyhjlyonda*'' 
Ixiiling at fo 77';TU 12 min. (batli at 100^), were obtaine*!, 

about I gram of unchanged ester remained in the distilling flask 

The acetal is a colourless liquid possessing a pleasant, fri,:? 
odour with a suggestion of peppermint. 

thjdrdytu nj iso/Vo;^f^/yor<i/acr/n/ ; \^Propylglp>j-td, 

oi{M(\,-co-cno. 

TlirH’ gram.s of »'-<>propylglyoxalacetal were lx)ile<l for two h ■ 
undtM* reilux with 10 c.c, of sulphuric acid (0'2 per cent, by vein'.' 

At tlie end of this time only a trace of oil was left. On. distilhu: 
in a current ot steam ijfopropylglyoxal (m. ]). 95 — 96"^), identi'i 
with the substance demTilierl by Conrad and Ruppert {Hff., 

30, 862), was obtaiiiCKl. The his-^-nitrophenylhydfav^ 
crystallises from a mixture of nitrobenzene and tolu^.''" 



nUSPARATlOX OF OLYOXAUS AXn THEIK AOETAI.S. 2+50 

in giuwning, ACArlel priauia, melUi.g «n.i (Komposing at, 29a-\ Tim 
^ ,..„mirarb„3«>.r. C,H„ 0 ,N„ erystAllis.^ 
trfV jwile^now prisiiis, mi'iting ai -p.y 

1 . WAS int 6 r^.,,g to t|„t. 

.^l-.ropylglyo)^, which had Imou dried over Milphuric acid and 
„!t 111 a well-cork^ apeoimeu tubo, afu-r a few days |,„d become 
^u,d and oilour. The change i, 

pnbably connected with some process of polymerisation. ^ ' 

Klhyl r>iit>l>oxya-mrthyUtlh,,t,ic-t„„r,l.„r, 
mixture of ethyl yalielhoxy-a-inethylacetoacetato rJO gra„,». 

. mel I and a section of sodium (- grama: 1 mol.) in filcohol 
c.c.) was ^.led pntly on the waterdiatl, for two hours will, 
Hiij-l phde ( 1 -J mols.). when tho reaction was complete FthvI 
lipiol wp removed aa far as possible o„ the waUn-d.iith, watir 
.rdei ,o the r^uue, and the nil which s,.paraUid was remove,!, the 
vtuc.,.us layer Im.ug extracted three ti.nes with ether. The mixe,! 

and ethereal extracts were dri,-d and distillwl. After removal 
: the 

'hstllled at 1 1 1 — llS-^y 3 u mm. (Iialh at KhP); 
gave 0-4750 CO. and 0-1778 ILO. (’ M» S7j |{ y 
rw|uire,s C -59 00 ; U y ya 

The epr is a colourlcs.s. highly refractive li,p„d „„h „ phvisant 
r.ity ..lour It gives no colour reaction in alooh..h,- sohdi,,,, with 
N fn.' ( rntinde. 


../yr„ o) tUhyl yiyu<h„,ij-a.u<,th,jU,lh,iUu,(,,nrrt,,,r: 

^ ^’HM(‘Kt*C()*( ’H(()Kl |.i. 

A n.ixture of ethyl V'diothoxy a methyl a ethylacetnacelale ilh 
i-p.l dissolve,! methyl alcohol (46 cc.) an.l L-.V-poUamim liy'lr- 
■■S (I6 , C.. lo niokj ..i-ns h„,lej for forty live ininnlra,, tinm 
—.•’I with water, ami , xtricle,! s.x times w,l|, ether. The <lrie,| 
soutton was disl.ille.|, when (S 

lanlirig at 6 l' 8,r>/10 nun. (hath at IbU-), was ohbained, 

■ I gram of unchanged ester remained in tho .lislilling lla.sk: 

■ .116 gpe 0-5426 COj and U'h’L'df H.O. C G:i Do ; JJ . 10 7 ;,, 
rerpiires (■ 63 8,3; II 10 (11 per .-ent, 

T:,. acetal is a rolourles., Ii,|nid having a pleasant odour sugges 
• ^ a! acetone. ■ 
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of ^ Butylghoialacttal: mxrButiflfyoxiii, 

^ CHMeEfCO-CHO. 

The »<eUl (4 5 griinis) was UM uudw reflux with sulpbu?:, 
atul (45 c c tA 2 per cent, by volame) for Are bounu On 
tion m a current of steam a yellowiah-green oil, fairly rt-au:. 
soluble in water, passed over, which po»e»ed the character..t., 

carani**! odour of glyoxaU. r» tt n w 

The free glyoxai gives a monosrmtrarbazone, a u.uv 

^4id which Is murr. >nore mhihh in water than the correapon-in.- 
compounds of otluT glyoxais. The h.z^^nitrophenylhydrato.r .. 
prepared by boiling a HoUitiou of the glyoxal with p-nitroplu-:;;. 
hydrazine sulphate. After re^ rysUUisatioD from a mixture of mu - 
U-nzeiio and toluene it nieUe<l and decomposed at 275^ 2.b : 

0 1089 gave 0 U'jllS S , S 2T85. 

rc4pure3 K - 21 88 l>er cent. 

The bi.H /Ariitroplicnylliydrazoiie crysUlllses in scarlet pi> ■ 
and givi-H tho rhara.l^^ristic idlie solution in alcoholic 
hydroxide s<duti'>M. 

h'lhr/l 7 /hr(hoj t/ d{\i^>j>roptflncttoncrtatf, 
t:il(OKt)r(T^-CillV*C04El. 

pri'l uni nary expcnmcnU in which it was attempted to ■ 

till- Mopropyl’ group by boiling all alcoholic solution of ethyl > : 
etlioxya.^-WaceUU. witli uopropyl io<lido in the presence of 
ctlioxid*> under ictlux wore unsalisfactory. The reaction took j ^ 
mindi U*Uor in a s^'alcd tube. 

A mixture (it ethyl ydielhoxyacetoaceUU (20 grams: I 
so^lium {'S \ grams: I moi.) dissolved in alcohol (2o c.i.k 
id*ipropyl iodide (22 grams: i A moU.) was heate<i in a scaled i- ■ 
HI a Vioiling water bath for eight hours. The product was 
iifHitral to litmus. The alcohol was distiUed off, tlie oil diluted 
water, and extracted thrtMx times with ether. The dried eth-r'i 
solutum was distilKd, and attei removing alcoliol and etK^r. ^ 
fraction (15 grams) was obtainc^l, which boiled at 11- 
A 5 mm. (bath at 125 -130^) : 

0 2 190 gave 0‘4786 C(b and U 1799 ILO. C - 59'6 ; H - 9 !.■» 
re pures I* 59 90 ; H - 9-23 per cent. 

Kthi/l y-duthojy'a \'^i>prupi/laCf h>ttfttalc is a colourless, piCA^^ 
smelling liquid, resembling the other esters of this series. 
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A iiiiAture of ethyj v tiirthoxy a i.*o|.ropyla(.vi(m^viatt^ (15 grants; 

I (liasolvwl in inetlivl rtlruln?! ulT o i, -ui^l 1^5 poUiAsiuni 

,.v (3i^ c.c. : 151 mol^.) was Unli ,! umUn' reliiix fttr lunir 

Tii^* ij<^oiil was tln^u ciilnt^^^l willi wat<‘r aiul <\\i i ,u t«*>tl ilvt* Uuu's 
,a:, <»ther. Tlie <lri.*«l -ihrival s^^iitiun was <iisi iIKhI. wlh-u 
,, f ;:tvlglyoxala‘Vta! (0 5 grains) at. 1' >0' lo rj nun. 

at lOO^) WHS oljt-iitMsl: 

M :ai;0 gave 0'-lS13 (XK. and 0 11U*J H A>. (’ (i;t 75 ; ]1 10 :U 

rtN|iiirt*s (’ 03 Sa ; H lOOl p,r,,M)t 

Oii livdrolysis life a-vtal _vit*ltlrd f wdnii \ !i;lvn\ 1 1 (,/. /},..! Chtni, 

18, 3^i), 


Hfhtfl y /)i( thii f t/ a f»f lllijliH'r ftittCr !(itf ^ 

p('H((’-ii5)('i >. Kt. 

A .iU.vture uf etlivl y dietlnixyaivtoai-o' »t4> (7 I grains I jnol.y 

■ huiM (*>'H grain: 1 nml.) in i;> r.r td lulml, and ImmizvI ilijori^ln 
i-rnns: l'3 inols,) w.is limit'd iitnii^r rellnx for four and a liah 
iij* The titjiiid was then neutral In litmus The ah-oliol was 

rnd'i-d tiff, and water was added to dissolve the Mxlinni «hinn.|e 
jaird. An oil heavier tliin w.iter Ne{iar,<t«Ml. whndi was e\ 
(hreo limes witli ether, and the diied eliiiTeal snlulion 
‘idled under 'I a nnii. |u-esMire (fiath at. 1<I0‘ (. 'I here letn.uiied 
the ihsk 11 grama <d a pale veli'iw ml, whirh w .s mainly ethvi 
i;etii“.vy o i>enzyiace|<iaielaUo It was not disfiihsi ljfi aus<i pre 
; ais atteinpU Inid resultwl in deLa>nij)o>ition. 

liii* e4.er gives a port-wine eoloralioii m .thoiiolo' xilulion wdh 
-n:- * hloride. 

}{ tiflrul ifKix iif h'tlit/l y : 

I'h* nyit thyhjhjtrmhirt t,tl ^ ( '1 1 ddi*( ' 1 1 / ( ’< }*( '1 1 (O Kl )... 

A iiiixture of the esPr (11 grams; I mol.), dissolveil in metlivl 
dwl (51 r.c,), and 5.V pntas^iuiii hydroxide (51 e.r. : 13 mols ) 
i o t«jii<.d iimler retlnx for Iw’o hours. 'Dm lirpiid was (hmi diluted 

■ ■ . wafer and oxlraeted live times with ether. 'Dm* dried elhmeal 

was distilled, when jtht m/lrfhi/lyh/n tolart (uf {.5 3 g't amsi 
..«vi ever al 135 137 '/ 3 5 mm. (hath at- ID> 170 ). 

•- y fit )( tfj l*h‘ h ylt ( hyl ffl i/‘i I filnrt faf ; j*}i^ tufh t h ijhfl 

‘ “ •a'etal (r>'5 grams) was ImiltHl under reflux with snlfdoiiie 
‘ M'O e.c, of 2 |ier rent. l)y volume), and (Im jiroduH was 
^<«LCV. 7 X 
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eslractiNi f'^ur time* with ether, the dried etliereel solution bt--? - 
durtille^l, whefi jtheu^lHhi/iijlyura!, boiling at 90^-lO‘i®/3 — 5 n 
(bath at 130 -140''), was obtainwl. The v^apoun were yellow, a- 
tornlefiV'd to a viscid, oily, inlensely yellow liquid, haying a 
o<h>ur. It ks only sparingly soluble in water, and not very re.fin 
volatile in steam. On keeping, the colour become intense, ai, 
the liquid vt^ry much more viscous, due possibly tx^^lymerUaUf-.' 

The p ntfrhf*hr ntjlhtfdntZ'^ne, ( is best prepared h 
diss^jlving p nitrophenyiliydraziiie in alcohol, adding the glv‘-»;i 
and wariiniig the dilution. On keeping, the bis-p-uitrophr;.’.; 
hydraxoiic h slowly drpf)*!!***! in a pure condition from the solutii ? 
It < rystatli?icii in scarlet ncwiies from a mixture of nitrobenzene a?: 
toluenf-, and mi-lts and deromposes at 269^. 

Tilt* ronaitiit ion ol phcnylfthylglyoxal was confirmed by conv*:- 
ifig it into a hydroxy 7 fdienyl butyric acid by the action of dsiuo 
alkali. About 1 t^riin oi pftenylethylglyoxal was boiled with 30 c 
«i .V sodium hydroxide dilution for fifteen minuter The pt' 
was tihcifd to remove the oily scum, acidifiwl, and extract e*! 
rthcr. ( 'rystnliinc a liydroxy-y’phenylbutyric acid was obt.nt^^.: 
which, on livry^^Uliijcition from a mixture of ether an<l !:; • 
pHrolfuin, melted at 104—105"', 

Tuk HKtiTKk I,ih.n.,vTtiKY, Ni Tunmx Ur»xasiii b.\aom[ t 

Nkvv VotiK (‘nv. Tur UxivKhsiTT, I.rKU" 


(JhWKX, Soi'ht's Hi Pliotot ropy and Thermit 
Part r. Pfihjfiiurphiv i-l{ydroxybenz]il*<l 
rinitfoN Prod urn I hy Pritu ration and hif 

injho')ur of Sfinlojlit, 

by Atnir.n .Sknikh and Rohert Benjamin Forster. 

That 4 liydroxybcmylideuearylamiuea yield dimorphic vari'"’ *' 
whtm triturated, which are distinguished by the triturate<l \ 
Indug dee|e‘r in co!r>ur than the original base, was shown in 
of two of tlu'.se anih by Senier and Shepheard (T., 1909, 95, W: 
1934). It is nijw found that ibis character is common to 
which cotitain hydroxyl, in the /eposition in the benzylidene 
and furtlicr that the change is not only indicated by a (hv-jc;:.: 
of colour, Imt in stuno cases by a not-able difference of melt ins! 
and alsT) by ipiite different thermotropic behaviour. In one usi-tAr^ 
the change oJ( colour pro<luceil by trituration is not from ;i 
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PAKT V. 




. d.epr colour, but the 
,i„.«.coloure<J dimorphie variety k f^iHy ...w.. " , 

a ,4.“';. 

,i:,u2e being .CMlerated by the ab,en.-e of Lulivl.t 
T,»ttntu«Uon or rubbing „ vapuhle of pr.Kiu. ui'g nolv.uorpl.io 
<,:iuge. and 1^ t^ecl, au i.uportaut ..e„rriliv of b,o 

.kut clH«mc.!il.ctious. IS well -y, ^ 

,„..nu-at«l by Parker (thia vol , ,, 150,1 ,1 

V. .!ed^0f Uie aubject to au iu.portaut degi ^ bar I,:::,:*: 

..t.l Iiat of refereuvea to ,, rovK.ua work. '’,|,u,e,,o 

ig.uu- com^unda and their re.ictioua have boo., ohiort .Oud o 
h .a lulcreaung to trac^ the analogy U-twoeu ,1,0 ..rgauu- it a 
,00 !, we have exaumied, and U,e well ku„w„ .r,tur,:,.„u d.ut' 
of men uric iodide, lor omipan^m, take Iho has., -i hvtituxv 
...,iyudene.,„a.loroa,uh„e. Yellow luorvuru- lodule be, ween fl e 
. unary ten.,«.ra ure and a (e,n,,..raturo of 111,; ' ,.s ehane.. I • 
Kaaialion into the red di, nor, due variety; in hke u.anntr ou' 
.haugea ludweiui tlu, orduouv ,en,,,er..,ure a„d Ho.' f„„„ 
,.oe 1.1 ow to a deep yellow dinn.rplue vaii,.,v. Iloth .,1 |,„d,er 

•..■a,...i,i,ure. reapertively al.ove I,,:- and llo', reve., ,0 ,1 

M-i-fd! paler moiiiricatmus. 

‘-W-ct of tlua i,„,„iry, botl, di.„..r,due 
.. M.ea have been e.vanu,Kd. for phok.tropy and ,henno,ropv 
o,a,a.,, he lower tempera, u.V (that of s.did earhm, ,lmx.,|e) 
*t ""'.''f" '•''"'rrature ' (a le.nperature just below tlj 

' ' Tim, wo were able .,,udv the 

, and ,.lmrn,o„„|,v wlm-b de, 

.■•...en, and dei.„m,,o„Uon, we Ihink, of ,„l,d mohvulai 
-.0 U.., (Seller and Slmpbeard, T., Uloh, 95. iy„, 

.■.leh of the two v.inelie, whi. h depend ou polymoiphl,,,,. 

1 .. lie. «« of thermolropy, higber Imub, „Mempera,„re 
'k ^wiich it docs not (,rcur arc noU*d 

i> - well known that prolonged inlliienee of ,,rodneea 

• .'nrbut wt“,' or ,ever„hb, 

•» . hut with the .orinalion of no,, reve.Mble, and a, rmoar.l, 

^ . w .., permanent polymorph,,, variei.ea. Many of Ihe m,,!, 
'•nJ.Hi exhibit tins property. 

Jnn,m,„„„e»oence was songhl for in all cases, l.nt „on,. was 

'* ‘-■xauiim-d, and 

^ h -pareii easily by bringing (eg.-ther e.piimoleenlar proper- 

^ o , l e respeelive ablehy,,,.., and ba^-s in sill,, on. 

-ol .iKv.lve more or le..s readily li.e nsnal organic .solvents. 
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4 OH*CgH|*Cn«N‘CjH^, wa* <ii^ 

by Uerzf^l Ui*r., 1577, 10, lUTl}, who fuuud itto meh r 
Vj\ VJ2'. U <rvsianisrf*s from alcohol in paU yellow pUtes, <*.: 
our j,|w-cini“n at VM 195^ (corf ). It if dimorphoiw. Tr 

torainm - haftKcs it into a tleepcr folouml dijnorphic variety, wh;. 
iMj^rvi-r, on loui^ kec)nno ehaugt'f slowly back to the origua 
fotnjHJUinl, iin^st r<'a>lily wiuni kept in tlie dark. l9 pti/er-co/^^nr ‘ 
i?i therni‘jtro])ic, U'-oiiiiui^^ paler at "the lower temi>eraturt-, 
and ri-Lurnuii' to tiic original colour at the ordinary temperature- 
The higiier limit of liicrmotropy »!> alwut l*Kl\ It U not cliaui;. ■; 
I 7 V »unlii^bl Thf tlrr c<^i>>irfd utriri^j is not pliototropic, but 
prolonged exposure to sunlight it changes to a brown, pulymur p} 
jurm. It U iherniolropie U-tween llie ordinary tenija^rature ,r 
■ the lowt-r leinjjeralnre. ’ Above this, at alKitit 110"', it Wv ? 
paler and reltu'ti-v to tlie original lorni. 


4 II n/ht fi: I/I uh nr till jMe 

4 Hydroxyl«'M?ivli'leiie o toluidiue was first prepared by Mai;^ 
ami Furlong {/fer., TJh:\ 42, who found it to melt at 1- :» , 

It irystallisfs tr«un aleohol in briliiaut, eolmirleas prisms. 'I 
•qwetuien examined melts at 17 J — 17.! ' (corr.). 

Hy tritiiiatioif a greenish-yellow, dinmritlnr obtait! 

wlui li on long keeping reverts to the <jrigiuiil compound. / 
rolninfr^^ rorirfi/ is not affected l>y snnliglit. Almve the oi.l;: : 
teinj>*-rat lire it lu ronu-s yellow, tiie tiiermotropie limit being 
laO . rh, 4- jit r riiltiiirrd idnrfij is hot pliototropie, but '!) |- 
ioiigrd exposure to snuiiglit ehaiiges to a blown, jHfli/fiiurpInr i- ~ 
It is (tieriiuitropii' Utwreii the ordinary teiiiperalme ami : 
lowt-r tempeial nre," when it bn'ooie.s colourless. At alwnjt I'v 
los4-s its M'bmr, and it|ipfars to lie converted into the oii.:- 
eompound. 

1 llydroxyben/.vlideiie 771 toluidine was first prepiared bv H - 
and Shepheaid (T,, rjej, 95, lltuli, wlm si in lied iU tlienieii 
piop«*vties and a bo obs^-rved the diinorpliic variety (fblaiii<-: 
trituration. We have noted, furtlier, that the thermntri'pie i 
of temperature oi (hr jkiUr ridourt d mru fi/ lies between In*! 
I5tv', and also that when the leni]>erature of the deeiHrch- ' 
c.jT-o/y is raised to alsmt I'Jt) ' it becomes of the same colour - • 
wiiieli llie paler cobnired variety aiksumes at the s;une temper^ 
and with vdiieii it appears (o Iw identical. Neither van-i} 
affected hy sunligiit. 

4 Ifydroxybeiaylidcnc-p tohiidine xvas first descrilred bv ll't ■ 
(/frr., 1877, 20, -1%}, who fouml tiie melting point to be 
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OiT specimf^n. wli^n orystallised from tlcoliol. cnnsisosi of paU* 
V, low plat«, wliich nifUeii at :.U8^ (n^rr). 

Hv trituration a d»|>rr yelluw , A, , is 
.i;i,h Iowa colour very slowly ou l.ms; k..ej.inj;, T’.f ,„t, r ,;,lo„r,,l 
is not ;>liolotro|iic. ljut cxhiliita llieriiii!ti..|.y at the lower 
ou.iaTature,-' J«heu it w nearly clourless. The hiduT thenuolroiue 
oeot of Um(K>rature is alsuit. UKe', 7V„ ,,,r.Wy 

.,!so not affected liy sunliol.i, hut i.s i h, ruuUn>nie helwtseu tlie 
.f hitary teni|ieraturo and the lower teui|>, i.iturc. ‘ At. uliont 
tio Its colour a|.|,ro.vimafes nearly to that of the onai,,,,! eom- 
,„ ua,|, If that he comi.arci at the s,.me teluin r.,1 e, iulo which it 
it i«*.irs to be fonvert4?ti. 


i Ihifroit/h^ui^l tde n ru f^luh // r > , < ^ 1 1 •( 1 1 / C 1 1! X •( ' H M ,» 

S //y./ro,ry/.cu.yn/c,„ O I e, ystalloM's from amyl alcohol 

a |o*!t‘ voIImw nwlli's, riH'lliMi; nt -JH '2\\'ly'‘ (rtirr,); 

(* \m giive G‘9 r.o. N., =,t m)u. s\ a 

rf'tju il l's sV li 'J'J piT iTiil. 

\ \MtOKyimizy\ullnv n .{ xyli.lint- is liiinm iihmii. Hv li iluiMfitm 
io a deeper yell.tw v.ni.'ty. wliii h It.si-s volmr r.ipidly on 
cwpediilly wlu>n r.-niovid j'n,iM ihi> irillnrtuv i.f sunli;;lil,. 
t h. iwiUr-ailourt’ii vunrt;/ is n.it pimtol rnpic, l.ut I'xliiltUs thrniio- 
fv .it- the IdwiT (vMip-rrMiir.-;’ TIh- Uv>\u i luMit ttf lln-niiolrop^ 

; s ItUF and ISO Its i-uinnr is not. , l,;,nut.| by Modi^dit, 

;'o ^hrprrr>,in„rrfl vntnhj m i,m( ptn.b,| rtipif, bnl (in pinlon^Mtil 
' I' -iirP to sunlit^lit. it. fi.riti..k ,i,iffli > lucpi*r rolonn-t! jff^lptunrphic 
I -. tt is tluM-iMolropir Is'tuvin the ordinary U*mjnT.il nto and 
til-' lovviT tphippralniv. ’ At rib.aH VM)o coIoHr approxiinaUs 
; Ht.it of (lif> original tfunpound bfttM|i;uv.l at the same UMnpora- 
irto, With which it. appicirs to be i-h 

WMr.,ry;<of.-yftAf,. ,M t rpJo/u,. t rysl a I ! iscs fnn,, li.bl pid r^b 
• ’ HI nearly colmirlcvs plat^-s, lui-Itini; at Itt’J Ii;:i ‘ b'orr.) 

:!AI ^ave ll-f) v.c. sX\, at 1 an-! 7r,-J jnin. X' h;j. 

nipiin-s X prr cenl. 

W!ytb.txyla,n7.ylidene-;// .} xylirlii,,. is flinioipinnis. \\y inOira 

yiit haiiLn^s to a straw rol-tiired variety, wliieit h-scs Vt.Iuur on 
'-fHatM-spiM-ially in Uw aliwoiee .,f sunli-ht. T/ir jMihr colnunJ 
is not phototrofiir, Init exliiliils t hennot r<.py, its colour 
^‘nirini; U>, yellow at alKiut ]Mr\ the lii^dier thermotropic limit. 

p^r^fohurrf/ mrittp cxhibit,s jiliototropy at “tho lower 
ij;>erature. It is tlierniotro|jic l>etw’pen the ordinary tempera* 
-fe And Uie lower temperature/’ Hetween 1 lO'^ ami 120'-' it 
^J-pears to change into the paler coloured variety. ■* 
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Both tiM»c varitftifrs behave in an exceptional manner wU , 
sMbjerlefJ for a er two, successively to the influence of sunl;^' 
aufi Its ab^M Ui c; they l)oth develop a lemon yellow colour. , 
rtj^parentlv th* v arc lH>lh converted into the same suheUnce. 1 
^liUtaiKr uiiderg'ies no further change in sunlight, but w . 
jiUic^i in the dark it aiwumw, not a paler colour, but a deep hr; >.• 

4 !l ydrf»jt>fhfuz‘jUflrnz'\yi:jUdinf ciy’stallUes from amyl alcoii* ; . 
aiitomt < o|f;nrh«fi prisms, melting at 193 — 194^ (corr.) : 

0 'JMT3 ;^ave 119 c.c. at Ih^ and 763 mm. K-6‘95. 
('jdIj-/)N rr<piires N 0 'J‘i jjcr cent. 

4 liyiiroxylxoiA'lnh'tn* /^xyhdine is riimcrphous. By triUuAt.r 
it change'?* to a bright yellow variety, which loses colour, and gr.t i . 
ally anBUno'S it« origirril furn. on keeping, esjieciany if renn v* 
from the in Hue tux oi m nil gilt. Thf ffuJrr-nilottrrd ruricty is e 
phototrojiic, but exhil/its thermotropy lielween "the lower tPinn.: 
lure ‘ and tin- imilinary leinperature. Wiien heate<i above l:i' 
appe.irs tn \y^' rtnivertfd into “ tlie deeper coloured variety ’ I - 
dfrj,}frrulunrid. innrty ix thcrinotropic between "the lower 
pr rat lire ' and about 170°. 

Wlicri Htilijvct^d Mn’i'i'Sjit vrlv the iiillueiice ol sunlight ai : 
iiliiion e. both varieties behave in a similar manner to tlie dim- r;- 
varieties <n 1 hvilritx\ ben^yhdene-wf 4'Xylidine, 

I If ydn > 1 // f> r >i Z>J l>drnrrf>h>rnn,nhfir<,On-i'J\^<'\{: X ' t’,, 1 1 

\ ff ifdr<Kr^if>rti:t/hdf»r 0 rhlorthindirff crystalHses from toliM:* 
}>ale cream coloured plates, melting at 171 — ITl'j® (corr.) : 

0 1911 gave 9 6 r.c. at 19 arid 76*J mm. X ~G'09. 

(9 >\t '1 retjuirej* N iVd,’) per cent. 

4 IlydrrtxyUMixylideue «j ('hlf)rnaniUne is <limorplu>us. By tr * 
tien it ciianges to .a pale vtdlow’ variety, which rapidly bv-i- ‘ 
yellnw cohuir, tin' cli uige taking place more r]uick!y when r* ; ! . 
tile dark. /Ae jutlrrmlourfd iv/nV/?/ is not pliototropii . 
exhibits tluTmotropy at "the lower lem[u*rature.’' The higher ' ^ 
of thermotropy lies lietwecn 120° and 140°. Tlte dfrprr c<d ' " 
viinrfij is tiiermolropic at " liie lower Icmjrerature.'' Between *< 
and 9<) it appear.^ to change into tlie paler coloured variety. 

II tidrf> fid>>'n:tdidn\r-m fhIoroandttir si^paratea from light 
eum in pato yellow crystals melting at 181 — 182° (corr.) : 

0 1713 gave 8 0 c.c. X^ at 12° and 761 mm. N--6'25. 

(YilfiiiflXn requires X 6‘O.a per cent. 

4dlydroxyben2ylidene m chloroaniline is dimorphous. By tti- 
lion a deeper-coloured variety is produced, which on keej-lcg • 
colour rapidly at first, and then very slowly, becoming altiui^t 
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w t-he onpna] crystals. Thr i^tlrr rol.urrj h 

,,,r phot«rtnipiC, but is therii.c^ropi,. i)u. UMujvrj.r 

-*u<J « lemperainre of aljout I7<» . /Ar (Ar/jr r , 

^xhibiU Uienuotrupy Wlwe^n tht. luwvr (.‘Im per. I mo ‘ ami 
.ti.n.ry UmperaUare. At about llo- u into tho palor- 

utM variety. Neulior vanoty is afifeoto.l by Mnsli^ht 

il{y,in.xyhfu:i,iuhnr-itr/,lur.^uuhur orv^taM!., ^ in?n; K^uxoiu- in 

:r yellow plates melliiig at 181 i8:r (cmr.) 

^ h>.H gave 8'7 c.o. at 13 5'^' ait<i 737 a jmu. N b 'VJ 

^ajHjyONC] rwj Hires \ (I (>3 j^.j- 4 
* HvaroxYbeniylideiie^/^ohloruanilino is (!nji<it).!n.us py Uitura 
• vi; :t cliaugw to a canary-vellow t'til()un*<i varirlv. wbu b mrhs at 
194'- (corr.). Tliis variety losos luiuur i^r-ohoillv un ktvaiiio*, 
iAjt as meltini^ jwiut is lowered utily ji lew de-i<H^s‘ /’A, 

; .3 variety is not pliotulrupir. but InM-onies somewhat darker 
. a iTolonged exposure to MiuU^ln, It is tliermutioiiie U-tween the 
. «.-r temperature" and alx^ut 170 . Ur .A./.rr eo/e«,y,/ nm^n^ 
xiiiiMls tliermotrojiy Ixdaveeri the hnser Itonjierat lire " and tlie 
r.tniary Uinj>erature, and India ves t hernioiropually in tin* Niuno 
ii.aiiMer as the pater variety Uowtnm the tomj.rral nros of Ipr and 
io* Its higher melting point, Innx.nn r, shows tliat it is a distinot 

,,o :• t V. 

\ a Ittiroryhf ntylui rurKrufttun nth at I] Hr 

\ U ■vini.ryhfnzyluifHt: o f,rMUiiut,,t}i,u crysUnisos Ikpim toluene in 
Oiie't colourless plates melting at l(;r, KiT- (\'oir ): 

OilKHigave 8 5 e.e. N.atll 5 and 731 mm. X :, ub. 

"Hr requires X .i ii.'^ |a*r c-p-nt . 

4 llydroxylxinxylidene o hronioaiiiline is <iimor|)lh)us, IJy trilura- 
■o-ei It elungea to a pale yelh.w variety, whieh on keeping iii tim 
/i'v^nee of light gradually resumes the original rohmr. Ur 
r ’.->rtd Vtirtely is not aeted <in hy sunlight. IpuI is thermotropic 
■•'iseeii “the lower temperaluie" and abcml 13)13 Thr dr, prr- 
■ ^‘r,nd mn^ty is Lhcnimtrnpie belwcn n tin. 1 <av.t Icmperalnre ” 
the ordinary temperature. At a temperalure r.f about 110' 
.‘bpears to be fonverted into the paler varieiy. If exp-ise.l to tim 
:.:bemre of sunlight for a long period it gradually ehaiiges (o a 
1*11 fMilymorphxc form. 

^ ^i\i<froxyhtntylidtnf U\-hrouwtnnlivf erysUliiW's from lulueim 
- pale yellow prisms melting at 100 -lb (eorr.) ; 

'> yyM) gave 9 c.c. N 2 at 1 1^ and T-ll .'i mm. K 5 30. 

^’wWioONBr requires N -508 jx-r eent. 

' Hyfiroxybeuxylidene'm bromoaniline is dimorplioys. By Iritura- 



2 m 


si;n‘jki: and ioilstkr . stI'Dies is 


tiou >t to a < a nary y<?How colon re<} variety, which melu » 

17 J 173 ' r On keeping this variety behaves in an ex 

i»onal m:uuo'f, r.i;ii4ly irwnng iu colour, and then very s! .j 
regaining it, whibl throughout the melting |>oint does not ri 
/Ae jMiUr mrifti/ is not altereti by prolonged exposur - ’ 

hunliglit. It is theriikotropii: Ijetween ‘ llie lower temperature 
and the ordinary lernperaturo. The tire prr coloured j . 
t'xhihits thenin.itropy U‘twcen the lower teni|)erature '' arni o. 
ordtn vry 1*011 jierature. When heated alKJve it V)ehave& •hf’rr 

entlv jfom the paler c<>ioui '*d variety. 

■1 H 'fdro I ne'ii hroitihuuiline crystallises from tolin ii. 

pale y dh vv jilales ineltiiig at 1D3 lUr’ (corr,); 

trjd.ih gave 'j r.r. N, at iD ’ and 7-18 mnu N- 5 13. 

re(pM'res N 0 08 |>er cent. 

I Hydroxyltenzylidefie /Ahroinoariiline is dimorphous, lly 
iion a deeper eolmire.l variety is oblaiiiwl, which ineh . 

’Jd3 'Jdl (r orr.). Idk<^ the corresponding variety of the ). j 
< f>tn]-ciind, tins variety U'eornes rpiiekly paler, but reean . ■ 
dejtth of rolour on prohmged keejiing. j'lu jmlt rc<>I<>urfd ; . 

la pilot nlropn at (h<t lower teln jK-rat itre " ; mi prnlongp<l exp; ■ *- 
to sunlight at the or'itnary temperature it becomes s)i<d)tlv d•*^•• 
tn sltade. (t K t hermot ro[>ic hvtwHMi ‘ the lower teinpcrn .r- 
.tiid aiioiit l.»f| , f/it dtt p,r e ihnirn} i iirfrh/ also exlllbit.s pi, ; 
tropy at tie- lower temperature." It is thermotropie at ' tie ; , 0 - 
teOipelMt life. hut heiiaves difTerejitlv to the jialer Vai'ietv .0 . 
heated (n 1 eiupere. ( u^e^ ahia e 100 j\ still fiiH»p<‘r i‘oloUre‘i ;♦ 
ntni jifu* IS pT'odip I'd liy prolonged exjnisure to sunlight. 


I fi //’f til t V n: i/ftt/ 1 II > <1 ni I ititf/f ti ‘file .1 ro/jf 

oi!'(;iiprii:NdviipcaH. 

l llydtr.xyheii/ylidene r; amiiioheir/.nic aciil has hetm prepija-i : 
\\ o|t ( .1/oea/x/i ,, iltpi, 31. 1)0.)). wlio deserilies yellow aiul red 1:; 
io'.d'ons. It ci vst illis4*s trmii nitrobenzene in deej» yellow m* : • 
On lavrvst alhsiiig li'ou aleoled a mixture of a red variotv o 
the yellnw variety was ohtaiiud, but the crystals w.Me : ‘ 
examined .s«'patM(e|y. It mrlts at 'JlM; 2’2l^ (corr). 

tut 111 at ion It iliaiiges to a slightly deejier I'olourcd v.u 
ivhkdj hws nrhmr on keeping, especially iu the ahsence of sm ' . 
wlien it changes haek to tlie original variety. The jM,hr ,‘ i ' ■ 
vunrtu is not alTccted by sunlight. It is thermotropic I.:*- 
"the lower temperature" and about 200°. The deeptr-ml^-'’^ 
vixnelif exiiibits thermutropy Mween the ordinary temp-er. 
and the lower temperature." It appears to change into tin* 
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vsriety at abo.,t 140 '. 0„ prol.,„c...| ... 

,t . a brownish <N»!uur.‘ti 

i If i,Jnfrvhtt4Ziflidr)ir nutfftun,hf t ; . \ n 

, M w/ < rvsi;illisi s fniiu 

4 . gave 15 e,c. at 11^ ainl 7J7 uim. \ .»■' 

C,4Hj,C\N miuirt^s \ :r>i |„.j. 

4 Ilv.lruxylieniyli'lene - . iti:jiiuj(i,Mr-. i. . , i i 

Whifn crysUHiswi from alcohol h hmMuiv nf , . i j 

« obUine.) I,., t 0 .,),... v..n,.,v, w,„.„ 

.„;vi sl.ohol or xyloiio, _vicl,l» .,„lv ||.,. ,.sl v,„„'iv TIik .-.nI 

,.|our«i variety .» .■„„v,..te,| 

,* "7 ■* 

r.Si-'voloured at a to, ..per, -.lure iu^t bolnw i|,. 

...... ronrtv ,a ,,ot alIe...o,l by |, i, 7,.. 

the lower toinporaluro ’ a,„l I..,-; al,.,v,. ,l,.s .i,',,, 

! .» (.■rr.,oa>tU TOlouro.l, it Ihm-oii,,.., rml .,( al,,,,,, - 1 ,.- 

1>1..W ,.a .MoUinR point rovorla ,,t .p,, ,,^,1, 

.••.(..■r,.lure the oranoo colour of ll„. .Ino,,, |,|,„ns v.ui. lv ol,(,,in,..’l 
V {ntiiratinn of Itie original reil ntinjuiun.l. 

4 , , vs(,,ll,,s..s 

.■..oo-o; .loop brow, o-.l, yellow 
- ij{ , and Jiiolt.s at ‘JJl> o;j 0 (,.<,ri'.) 

'iV.n., .VO 79 .■,<■, N., ntll',„.,i:.),s;, „„0. .\ ,o 

ri 'liiin-s X .'i Hl |„.|. ,,,.,11 

Mlv.lr...vybe„r.yli,l,.„„;,;„„i„„,, 

■» clianp... ,, ,.,,,l,t|, ,,,...|„.c,.o,oon.,l vo.'.n v,"wl.i,.|, 

"" "I'TV .■'■,„|,|y i„ tl„. ;,|,K,.o,,. of M,„|„.|„ 

■■ttinc l■v.>,lt,lally to III,. „rioii,,,| v.irl.lv, Tl,r ,,,7,, /’ 

-IV ,s pre-ely „fre..,,.,| by ,n„l,,bl. ,„.„|„o„,„| ..,, 0 .,,,.. 

. .. .or .leope.,.,.s ,,l,. y. It is Ihennolrop,,. |„.|w,.,.n ,1, 

■cr...,.r,. a.,,1 11,0 low,..- lo,„p,.ral n, /'/„ .r,'./ 

■y <tl,er.,,„lroj>i,.M.v...... lb,.or,l^ " tlio low.-r I...,. 

.. At l,.«l,or to,op,.ri..u,..s ibis vano.y ,.|„.,„o,.,| bi.ok 
,..i r,ol„ro.l v..,r,oty. -n,,. ,.o|,„.r ,.b.u,y,.,l „ ,„„,vo..,., 

hrm by prulongovl f.xj.osun- to .suriiigjit, 

J ^h<frnzyhrn:,jiiffr„r<unsU,fus, O I i 1 1 ^'( ■ | f ; X ^ 1| 

: .Vv*,,,y .■ry,s.,.||i,s...s j,, ,.o|o„„..| 

• '^ni solution ui xyh*no. It nu*l(s at m 183-5^ (rorr ) ■ 

■’ ly 6 N: -I 10“ an,i 742 5 nun. N . O-aS. 

, CiiHijOjN requires N = Gi7 per cent. 

' >"-xybenryliHen^n.an.si,ii„e i., diinorpbous. l!y trituration 
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It clurigM! to a caiiary yellow variety, which becomes pahr 
krfpifijtj, wltvii reinoveil from the Influence of tun! 

iiol 1% ev(*timrtlly converterl into the origiiul variety. Thf , , 
rnhmfrii ifirifitf is not phototropic, but prolonged exposuo- 
maiheiit r<*ui*efi it to l>ecome utightly deeper in colour. It is th- 
tropi*- lietween the lower temperature ” and about 150 . f. 

,lrr riihnirrti ninety b Imth pllOtOtrOplC aud thcnUOtroj . . 

the lower ternj»eriitur*s and is converted into the paler br»!. ^ 
about Hy proluiig(f«l exposure to sunlight a deeper t . , 

develops, probably indicating a fjttlymnrphtc form. 

■\ H t;ilr<t} f(hrniyluUnr \nnniiftHtnt crystallises in eream-<‘ol< 
prisms from methyl alcohol. It melLe at 193 — 193'5^ (corr,) 

U ‘JIT'J gave 113 c.c. N, at U'^ ami 758 mm. N~6'23. 

requires N-617 per cent. 

MlydruxyU nxyUdcne m anisidme is dimorphous. By trituiav 
It cltangt^s to a pale yellow variety, wliich loiies colour on kr*-|.;.. 
es|H*ciiiily it r»'iii<jved from the influence of sunlight. Tlie - 
eaiuttfttl ninety is only sliglitly alterwi on prolonged ex|H>Mi.'*' ! 
sunlight. It IS thermotropic between ' the lower temper-kt 
aiul about 140^. The tlrr i/rr-rulourrei rorir/y is theriiuir , 
Ik Iwccu the ordinary and ' the lower temperature." At higii u 
peratures it l>chavi*s difTercntly from the paler variety. <* 

prolonged exposure to sunlight a brownish coloured pafyti. r. r 
iorm resulUs. 

■\ H yf{rnryhrh:i/fn{fnt ^yfnitjmftnr crystallises from xyh:;p 
briglit yellow plat4>s inoUing at 211 (corr): 

0 1482 gave 7 5 c c. at 8^^ and 757 mm. N~6T2. 

t'nHijtbN retpiirea N G 17 |>er cent. 

4 llyiiroxybcii/.yhdcne y; anisidine is dinior}>li«U8. By trilur i*.; . 
it IS converted into a deeper colour(v| variety, which becoUH--. p.e 
on keeping it removed from tho influence of sunliglit. The /*; ' 
mluttrrt/ lurirty is not affecte^i by sunlight, but is therm !r : 
bciw'een ''the lower temperature ' and alxiut 2tXP. The 
ni(uurfil iunrty is thermotropic Udween llie ordinary and 
lower temperature/' and appears to Ijc convertcil Into tie* { >* 

vvAmueA varwty at 'a\K>u\. \2Vv^. exyoiiUTe to ~ '.v, 

pnslucei a brown k'olounnl intlumurphic form. 


\ !hjtl rojyh* nzyluif nt n*i \}h i hyhimme K ^ OH‘tV,n|*CH!Nd' H 

\-l{ pHroiyhrnzyiuirnr o naphihyUiminr cxystalliseo from ’ey*-' 
in buff-yellow plates, melting at 191 -19T5° (corr.); 

0'2m gave D i c.c. N\ at U- and 744-5 mm. N=^5'.57. 

* ^'17^*13^^' requires N ' 5'67 per cent. 
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im: I 

4 Hv?ln>xjfbeniylidene"« naphthyUmiue is iliiitoijthtsiifi. liv lii 
suiiiisMi it i* cb*n|f<sl into a v.nirjy, wlijih ou 

«pei?i«ny in abwncf of suuTTght, Imoojmos pal<»r, but 
y|. k«>Ppin|^ fiintly brown. Tlio ^ 0 }lf r i . is not 

br suuligiit, but is tiierinotro|iii' Umwivii ' tho lower t^'in 
about 170^. Tlie ihriHi rolt'urfi; is both 

Topic ami Uiermolropio at the lowrr teju|*eT*iture,'‘ At 
r* u5 HO® it r«verU to the paler variety. A litM'jwr browiu>!i 
, ftifi^tfiof'phfc hfrm is |iroiiik'e<i bv pTo]uti^e«l exjiosure to 

j fHUlth^hfflumtne i-rv.st.rib^rs tioju aleoliol 

; < yellow plates meltiui; at liol o (enrr ) 

M irr. gave 8’5 c.c. at 11'^ and 7‘IH mm. N d o7. 

CJ 7 HJ 5 ON retj Hires N Vtu per eeiit. 

4 Hvdroxybeniylideiie 3 nttplnbylHiiuiie is n<d eliaii;;ed tit loh ur 
, trituration. It is m>t jdiototin|iU’, loit rxliibils jlurmotropv 
“the lower temjMTalnre atid about lltHT. ’ 

t\tVI**ITT Coi-I-K^.K, 

(lALWAV. 

■«'X\.KI. — Diphenif^-Z ; M : 'J:' : 'X- .'I ; 1 ; : X^tf h'a 

i'm'InKf'ifhi’ At'ffl.'t. 

Hy Jamek Kennkk ami Assik Moouk Mvijikw^. 

s (<r-vioU» cummunicat ions it has bmi slmwii t)i:d the east! with 
<i:;<ii liydrindene <Ierivatives m.iv be prepared fioiu |)iom<* »if 
itleiie linda its ruuritorpart 111 the facility attendant nn (he 
rii'.stioii of dibenzoo/f/ohepf.uiieiie derivatives from tl)i»s(» oj 
. dmiethybliphenyl (Kenner and 'I'ltrin'r, 'i'., l!tll, 99, 'JlOl ; 
iC’-iifier, T., 1013, 103, 01 hb It therefore (iesirable to 

.^njTAt^ the lieliavlfMir of s<JMie eomponnd, siicii that, in any 
I jM p) whirl] it mij^hl Ix' sulnnitt^'d. tiie fcuniatioji ni a hydrin 
e '• derivative would be altern.it I ve !>> that of a <l|lx‘n 7 ,oryr/o- 
' tadiviie derivative, rind tJie most MjiUhle Kmipound for this 
' O' -e af)j>e»re<] t.o Ik* umt Art rabromo ‘j ; 3 ; ‘j' : 3’ (el I a 

f --^‘hplienyl (I): 

^ / ' UHJii' 

/I'H.l:, 

1 

t .CHjMr 
\/ ^ 

( 1 .) 
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Whilst, how»;vt'r, liie prepHralion of 2 : 3 : 2' . 
clijfht'nyl fr'iiu xyieiie would douUIeas be easy 

il ii» I'vi'h fil irofn the accounl i^iveu by Crossley and H- 
of the of 3 tiiUo-o-xyleue fT., 95, 215), il ' 

conijuiiittd, aod [h-io o also the i<>«io derivative, are only a* 
Willi dilhculty. It was therefore deeided to investigate the 
onr of dijdietiy! 2 3: 'J' :3' t4;tra<MrlK>xyljc acid, siiu‘e dijdiej , 
iicarlK>xyiir and {ordniHry diphenic achi) is well known • 
can vert thie into an anhydride and an iinide. 

'f rt riifHt th^i t! trtrofiiritnsyhitt (llj w.l^ . 

olitaiin'd by lieaUiig ilmu fhifl W fHlttphifudatt willi copper 
at 2hd , atnl was ionverted into the trtnifarhnxyitc acid (lli 
hydiolysis in the usual manner ; 

COjMa 
^ ( 20 , Mo 


(M (jMe 

CO, Me 


^ C<h,Mo 

ct) i{ 


■> 1 

. fC.Me 

\ ’n H 

j;‘v,Mo 

\^ro;u 

(110 

(III 


Uy treidment wnii 
into the d utu II pd ndt 
could 1«‘ delectnl; 


dehyiliating agents this a«;i<l was c- ; 
(IV), an<l no r>igu of the itiorKianlivi;: 2 



CO., 11 

V Co' 

y / 

COv 

>t > 

CO 

( ‘t ) 

, ('Ojll 

(IV. 

" ' .,v ) 


'Ihvo p*l^}^ll^le evpiajiaj iun:s of the paranelisjii betw'(*<,Mi 
ef leiiijatinu of livdriiideiie and dii>enzoc(//7ulicj'tadi{Mn' ti i. 
Iiavi' I een dis^'UsN. d (Ken tier, T., 1213, 103, hlu), fi iint ^ 
littual prefiMa'ace hemg expresvSi-d for tliat one wliicii n * > 

the suggest inn that the strain in a r/yrfoheptailiene 
nusliate In'tsveen that, ot the c</(7f;pentane and ri>/<7olte\r- 
Knrlher evidiuice in this direction may be derivotl from ti. ■ 
Thiele ami his coilaliorators (.In/m/rn, 120G, 347, 112; I'* ' 3* 
287 ; 1010, 377, 1), Whilst the cnmlensatiun o! jOith id ' 
with acetone results in the formation of 2-act‘tyI-3-iiydrin>:i r.” 


/\i 


guo 

CilO 


+ Cll,-(’U*CIL 


/\, 

“ f ^1 

\/ 
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»-|j .1 


...v..uvei of t)en*<>f-^<*^.hepta.He‘nono ar^ priKiuctHi wiieu the 
^ i» replaced by its liomoicoutv^. Thus, wiuni iut*lhyl etljvl 
iiiT i> enip!oyc<l tlic reaction priK^t^ds as fu!f<>ws 


..HU s ^ I'll-rU'- 

\V:,,;.>.T iiillueiico ,l.>teniu>n.s lli.> .liai.u,. i„ th,. r.Mirs.. of ih,. 

is not sufficient to |.rev,.|it the f.,rm;u imi of the live 
o:.i.,tr.J ring when, ns in t).e following cese. the |.io,iiulion of i, 

, i. i ^nji.'cred ring U rcntlcrts.! ; 


: ;l t> therefore .limcnll to cs.-:,pc (1,,. ,.oi.lMMon that the cm 
;; li jiisl referred to JS jaslijir.l. The anhv-ltnh* foi m.il i,,ti 
.r.i-d above can also U* iiiterprelcl as evlthmre in favour of 
- .irA that llie ryc/operitano ring is formal MUriewlial. more 
. than tim r//r/oIie].l<i(lieiie ring; allimugii it niay be nigetl 
:i t-Msnh-ratioHH based on energeths lliat the f.,', mat i,.m " ot 
1 i v tnde wonlfl in any e:is<‘ be ni-ue j.i.ii.able tlian that of i 
. odiVtiride 


- raiy. however. Kanlier s f.trimihi f„r ,j iphei, vi, -m wineh 
y loj esplan.ilion \v..s has,.!, has nphtld by fan, ami 

. - ira.nt (tins vol,, p, Itili), v\ Ito prepaiv,! i ondriis it nm pin 
' • ^VlK, oilht.thkrloims, to uinti, they assign li.e 


Nd'i: 


SA'ii 

/ 

pi.-'Mt authors, liowever. regar.l it as .vunewhat .iiMjuietjng 
and similar . .md-risalitm pi.u|uels raniml be freed 
it 'hsauniiosit ion troiii the two molecular pt opur t iftn.s of 
: -r other compound which always aeeompauy Mien,, and 
" ^’--ivings appear to have been enteMairied by Morgan 
M.' klethwait (T., laiiS, 93^ cp^p if, ,„,iy nbseived Mial. no 
'Hesof this kind were emmintered |,v Tauber in llie prepara 
' '-’oiiar mn.lens.Ui.m pnuinets from 'J ; 2Miaminodipheuyl 
. ■ 25, .}2H7; l^j'.hl, 26, ITOd). Further, (ain and 

•■-••lifwmi explain the isomerism of tiio two o diiiifrolamr/Hlines 
^ttpp,,sition tliat tlie nitro gronps oecnpy the If. :T posit im, 
*■ '’oe roiupruind, and the d : 5' posit ifin in t he other, I fie sterie 
nit ro groups being as^imed ff) prevent, tree 

of the benaeim niiolei. It would l>e unliripaied tliat a 
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wjj.ll»r hinrifdmtf wouM ol«erv©d in the caw of 2 : 2 ^-dipl r? t 
aci'}. Hucfi, how<^^ver, i« not the caw. For» whilst . 
fii|>hesrjyliiuc*?UU! furnisht^ ethyl dibenxoeyrfohepUdtenou^ 4 ;^ 
o*yUu> (VI) (Kenner, lor. nt ), diphenyldia«tyl chloride tan i, 
i:j>isv‘iTtrd into dsljytlnixypyrene (VII) (WeiUenbock, J/-/ ,, ,4 
34, I9t>) 

/ A 

(■|l(fU„Ki) J. 

■ .'u <;« Y\”- 

/ _ 


vy 

.VI) (vn.) 

it dlv> appenrntl of intercut to institute experimenU i n r. 
♦•sUTiriciitnnt of .lipheny! 2 ; 3 : 2' : ;V-tetracarboxylic acid. I: , 
w':ll kjH.wii that (he lwniz.cne nucleus of certain naphthaleii-* - 
antlir-uriiw ilt*t iv itiven, such as those represented by the forn; T,- 
COM roJI <H>ji (:0,U 

i)\\ ^ ' v\ ^ 

^\/ ./ \/^/ ' A/\/ \/ 

(vni) 

exerts a strong' hinilraiiee on eater foriimtion, but tho e0e^t ; 
phenyl ^rou]) m the ortlm position has not yet been sludie.i T * 
consniera turns liv wliit-ji IMreiiko-Kriliaidieiiko (J. jir. r/,-, 
I'J^M), [iij, 61, 431, and later papers) has sought to esplois • 
greats* r reactivity ‘'f cyclir keUnies, as contrasted with t!;i; 
(orrespotidnig opeji chain r(>nipounds, apply equally well in ? 
rass», and would lead one to expect the greator freedom hu v. in. 
titin of the phenyl group to confer on it a greater poa>r 
hind ran .M to estcriiication than that possessed by the 
nucleus. And, indeed, it was found that diphenyl tetracarl>'\; 
arid (Vlll), an achl of tlio type referre^l to, was converUnl oi. j: 

1 very small extent into the tetramethyl ester^ when tr<-.a’*«: / 
the usual manner with methyl alcohol and sulphuric acid. W 
how'ever, the eMcriticalion was carried out in llie preseti.r ■ 
considerahle excels of .Huljdiuric acid, a good yield of lh*‘ 
methyl ester was ohtaitied, an olwwurvation which agrees • * 
exprietue of \Vegs< h“ider {Hrr., 1895, 28, 3128) in similar < 

The weigiit of this evidence is also against KauflerV i ;: ' 

For it apiH'ars at least d(*uhtful whether benzene nueh -i. ;n ' ' 
relative positions assigned to tliem by him, would l>e 
exerting s »f h a himlranee. 

In our judgment, t reret’ore, lire most that can be s-iid ^ 
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..ruin con, liUo.« a.,.t.e,,vl cmigur^tuu, 

by K.«aer,« just th» forn,.,u„„ .f ...dj 

,h.. onn plu* the of tr.n.r.hvIrL H.hromHe 

IS reprewuUyf by the forimila IX: 

(IX.:' 

- 

!.«„nX the p«par«tioi, „f the 3-Mi,r„pl„l,»li.. a.-i.l r.s,„ire,l for 
r.r,.r.menu . eonsclerehle .pi.ni.ty of 4„i,ro|,l„Ll,.. „ri,, 

nn.lerck.. ,|,o 

‘ i (lijiheinl 3 ,4 . 3 :4 tt*lraoarlKixvlii* aritj /V'l 



in outline hy the following s<'henM- ’ ' 


aiji 


NH, 


I 


\. 


COjH 


f'UI 

t n.,n 


< » ‘,11 

\ 

\ 

\ 

tUll 




Tio the more (lesirohle .i.oe it h,„| |,..e„ u,,. 

. ot o.xalyl ohionde on 2r2'- .•,,,,1 -I : 1' dinu'l hyldi|,|,o„yl : 

C„ll,Mi. 

^*'*<*'“ C„ll,M,.(:()ji’ 

i >■: (lie production of unsynuoetri.al di„„.thvldi|,l„.„vl,l,c,-irl> 

and, (Uebertnaon, l 9 |o 45 , , ; 

T., 19.3, 103 332). The l.el,av,oor oMt::t^, 

, I was also studied l,y l.iehermanu and .> sy„„„clr,r,i| gtruc- 

.....t of a 3:3Mi,„el|,_vldiphcnyH: rd,<arlK,xvl.,' ,„id was 

y..‘" to the prtxluct, Irecaitse on oxidation it w.,, ;.o„verte,i i„|„ 

* r4<;trt>oxyhc acid: 

C.H,Me'CO,H 

■■ whidi a dianhydride was ohuined. 

• h hoH to ipplytl.e reaction , ! -ycd i» rurmali.in .( 

‘ 2 •2'.hTn.ilij|<Jij,}..„j.| to the rnrM.>,.>f,t!i,.« 3:3'. in.l 

; '’f^^icerapir# Kenrier, foe. fit , p. ,513)^ i,„t an ir,Urnsli..i, wan 
'.'■.rj, "'w '-Klian-d ia II,.- |.rr,.ar.,tio„ of ll,,.,. 

”l*rira«,u hi tlii. .lirr.tioii wr„- ihrrtt.i,. 
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It i, ho««r, obv.o«A that there are three formal* which 

,„,ci,rel..«e.,l*itlilhuol«ervatioii: 


t;o,ii 

OUi 


i;oJi 


' com 


COM 

M) 


/ ^co,u 

1 

/ CO^H 
(Xll.) 


,1„. tiu. acl in 

,l,.,,H,v,.lv |.r..vc,l Th- ,,rc|,arali.,.. of ,hplie..yl- :3 . . .3 4etr 
ac 1 of for.oHia XII, but the unaymno 

n„u!a XI rcou,,...!. U wa. foun.l that, with the exce,„c 
■ , f i,M'.'o oc.- the pr.iperties of Liebcriiia.ii. , 

Vi'in V a of UO. alntLieal ,.r,-lue., aa.l th- 

Llr.cal Mnoli...' aa, llo-r-fore .•ool.roie.l. , ,, 

treat I Iota br.atahl to l.altl iH-Ueei. the behave 

,,.,1 1 1 ,l„n.-lhvl.l.l.l..-ayla on the one hatfl, ar 

;;'.!hMethvM,|.h..nvl .a, tio- other, is only an apparent 
snl.slil.ttionof ,1, phenyl i, known to lake place ,.i lltc -I . t p. 
whilst n.ethvi ttronps hire, I snbslitnenls tnlo the ortho- an-l 
,,„„l,ons. In the ,ao- of H : H .l.n.eU.yhliphenyl these two <ln 
Inti, ten, es a-asist earl, other, but they are in opposition , 
,„„„enc ,o,„pou,els, ;,,el Ihe unsyn.inel rical subst.tiUion 

,„,,v I yplaio,.! on Ihe as-siinipLion that in one- hah 

„'„',|ernle'lhe .bphenvl ,1, re, live inlUlence asserts I „■ 

,t„,nely, wh.l-t in 111 ,- other half the inllnein'e of the melhvi 

iitfv liU 

KxJ‘K 1UMKNTAL. 

:'l \ifioitliffittln' Ariff. 

Phth,l,.- anhvilri.le was nitrat.sl accor,lin{! to the , lire, t 
Miller ( l-o,,-/---. ia-'l. 208, ‘ri:!). It was, however, fonn.l 
taeinais to subjci t the niivtiire of crinle 3- anil l-nitroplilh 
Huh obt-iiiiisl lo fra.lloiial crysUllisation from water, 
manner WO «r,in,s of pure 3 nitrophthalic acnl were eaM 
npi.llv ol.iaiiiHl from If-tio trains of phthahe aiiliyilnde. 
mUtn'reof aenls conlaine,! in the mother Ihiimrs was then - 
into its ciniiponi'iits in Ihe niiiniier imlii'aleil by Miller. 
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Z AmiaophthtsUc Acul, 

"Xl^ jireparttiou of this aci<i according; i<» dircctious gnen bv 
188G, 19, ICo) wjjs lomui to ln' an o|K»ratii>ji 

,^.»..riUg conaiderabio cart*, ati«l tlu« prmvxs fnutlly i.-i 

doicribed iu deUil. 

/.AX iiuit (15 grams) waA atbltnl in in i a 11 (u a na\tun* 

> fiitrophUuUc acid ('J5 grams) wllb ‘JO y,<r i-rtit, .m‘\\c urid 
*! ^jraOis), tho teiupcraturt’ nf t!»» mixluti'* Iwang iuauil.um‘d 

'kr. If tflio operation iiad been a M'jtar.Oiou vi 

mIaU comme«ce<l when nearly all the zirio ii.id added. 

:t 4 -r ( Jglit hours tlm |iroduet, together with any unchanged ziiu, 
i, -^{la rated by filtration . Tho residue was then rej seated Iv 
auiAted witll small (juaatiliea (in all, I<H) c.e.) of jO per oeul. 
:,^U' sulphuric add, when all the aiiiimj (auiijioitnd paN>^ed tnlo 
iutiotn leaving some unehanged zinc, To the solulioji ery.stalli.'evl 
iium acetate (150 grams) was thm a«hled. (hi .Stirling wdl tin* 
r'.-\te pasaad into solntiun, and the doitble ziiu* aeetati' i'onij'ouiid 
•.he aminophtltslic add, (ogellier with sodimii snl|t)M(e, was 
.^ipitabs], and after a short time was rolleefeil for u.se in ilte 
r^jiietit operations. 


%inthtlAit}uilir Arid, 

ii;o risjuction prmiijct from tiit> jMiwmn.s oju ralinn was dissolved 
! A w.inn mixture of 25 grams of eotieenl rated siiljihurie and with 
grams of water. The .s<i!utioii, atler being cooler! (o try was 
iij-tiyd, when near the endpoint it. Ix-canie nniverbul into a 
.uiinitous, yellow paste, and a ('oment r.i(<’d sol ill ion of potass! lun 
o. lft wn.s then addefl. After Home (line llio inixiuro was warmed 
a'; the nitrogen had las-n evolved, Snlplmion.s lo-id iiaving 
e> .t Id*'! to removo excisss of iodine, the iodophi halic ,o id. which 
ii'. ^firited out, was (yi Ilfs' ted, washed, an«l dried at Inu . 

Z It>dophfhalo(r. 

' ‘.v(T 5 ioilophthalate (10 grains) was heatavl in a retlux ap[?ara- 
' -fj tiie water-bath with lienzmie (JO c.e.) and methyl iodid<5 
'‘titiiiH). After three hours the esier w’as isolated in tlio usual 
^•;'i'. and purified by soliitioii in light petroleum (b, fi. 
' l--^ !. fn this way tho eater was obtained in prisms melt in g 
' - When (juite pure the ester is rolour]e.s.H, but readily 

^ p.iie yellow colour on exposure: 

|'^ ^'^i'!i;ave()- 2 g 3 l Agl, Ix. 39 -J 0 . 

CjfjHjOJ requires I 39 Tj 9 per cent. 

7 V 


'•'b cv. 
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'fttrnfnr^h>il ihphrfiyl‘1 ^ 2 ' ^ tftTiimrhoi^late (U) 


was heate<l in |M>rtions of lo . 
to aii‘l iu the- course uf tw»'iity minutes an equal wei^s.t ^ 

cojifier {>ow«l**r was in small quantities with continua! 

rin^ The mixture was then heated at 260*^ for forty-Bve nut ate 
allowed lo and tfjorou^ddy extraete<l with chloroform ^ ti;.];.. 
UiM hoiuti'Hi w ts nil* red, and roii(*e titrated to crptallUation. Tiy 
ester Wrfi lurtiicf purified hy reerystailisatioii (rum lienaeue, (f, 
whi* li It v-pti rated iti prismatic rietNiles lueiting at 
The ester is sparingly soluble in cold alcohol, moderately 
hot alcoliijl, hot liyhl petroleum {h. p. 0<> — 120'^) or beniene^ sv; 
readily so in cliluroform' 


0 152J i,Mve o ;; Pjn V^K ami U (H>40 H.,0, C ^ 6*>-5 ; H - 4‘ 1 v 
rnjviires L’ G2 2 ; 11 4 G6 |>er cent. 

Atlcinpts Ui prepare a condensation prorluct of the ester u ■ 
ethyl acetate (comj>are Wislirenus and Kotale, /?«*., hSTT, 10 
Idd;}) resiilte^l in the formation of in»lejinite producU, but *'.r, 
an all oliolir sotuliciri ni the ester w'aa digested witli hvdr i.': ,- 
hvdratc on the water hat fi for a conshlerahle time, a yellow i - 
pound was gradually deposited, Tito prmluct was readily sci-:M 
ill water, and wiien the aqueous solution was acidified, a u: > 
precipitate, insnluhle iu all the solvents spplierl, was ol*t:i:::»^. 
togethiT with a salt of liydrazine. Although the analytics! 
were not t^liarp, there can l>e no doubt that the yellow coinp. 
was tlie <!’}: <,d} uf thphihnhilhijflroz'nr^ 


.( O'Nll 


(dVfi,<. i ,N 




/ > i ph f II rjl 2 : : 2 ' : II ' ■ Tr f ro ra rh o.ry/ »c .1 ful (HI). 

The tel I aiiicthvi ester readily underwent hydrolysis w'hen tn -v 
with alcuiudic potassium iiydroxide in the usual manner. T- 
potassium salt of the acid sM'paraterl in plates, and was 
Hy acidifying a rouceiit rated sidutlon of the salt in liot wdicr ^ 
mdd was lilierated and separated in hexagonal plates as the n 
eoided. Owing to its great solubility in water it is dini' c' 
this way to M*parate all the acid from inorganic salts, but aucr 
to prepare the acid by decomposition of its sparingly aoUilse ■ 
salt with hydrogen sulpliide were unsatisfactory. The a-id ’ • 
at passing over into tlie anhydride : 
l)T332gaveO’27;V2 CO, and aOt24 ILO. C = 55'94; 11 2' 
0’2170 lost (VOlOfv at’UO'. ll>0-4''9. 



-3:4:3’: 4 -TfTR.AC*ltl!u \vi.l<- a,iik 
. 1^9:’ rwjuired 17 09 c c. .V / 10 KOll. .M,\v. S, 


•-HTM 


requires f 55 17; H 1| o vi -,■ 

M.W.r 3 .j^^ * 


u. 


Alter lieiiydraliou at 110'^ 

u ] *Kj gave 0-2131 CO^ uiia 0 0312 ILo C So I[ 
mjuires (V oS 18 ; ii . 3 (i;{ j,,.,. 

T«. -«Ay./r„/e (IV) was ob,,.iu„l i„ (w,, w„v,, „a.,„.Iv, ,1) l|„. 

«s:ylic aci.i was ],„.(«! „ reiU.x a,,,,,,r.,l„s w„l, .wire 

s wv.sht of acrtyl chlorul,. t|„. wal.-r „„u| ],v.ir.„.e„ 

Uan.ie was no longer evolve, 1. a,„l Ily (he ev.ess „i ..,e(vl 
2vitr!t* was removed by evajK>rfiUun. 

When 2:9'<arb,,mell,oxy,li,,h,.,,yl:)::r,l,c,H,l,u.vvl,,- an.l was 

-ei-l U, a (eini.er«U,re just above ,is n.eli.n,. |u.„„, „:,.,bvl .le,.l,!.l 
v> r-ipiOly evolved, and the mass snlidoi^sO 

Tee . rmto ,,ru,l„,.. e:u.|. ease was j.urih,.,] l.v . , vslalbsaCou 

a. .ulroWne a„,i s,.,,ara.e,| i„ |,„xa,.o„al i.la.' s, 

: ' ■ “"''.V.lrnle ,s ,„war.ls ,„l,l so.Inu,, bv.l.e..,.,, 

. ie sohit.ou, „ uusleratelv snlubl,. ,nl "..r 

-t^ hut only sparingly so iti acvtoiiH : 

gave U‘ 3 iy 0 (X)^ and lrii:"j 0 1 !,,(). (' c;, ni ■ ij 

c i;,v:)l ; if eoj |„.r reu(. 

„/ :\ r ri.ln, 

i of the tetran».|l,yl .-ster uo ll.vl „l, ,.b„| „,,s I, 

- .. 1 I 1 .X apparatus wal.u bath „f 

.|. i...s,un, hjvlro.vub. solutinu , I., ,,, „ ,,llv 

->yus,,, two of .ts four earl,.., hex vvn.ups, A,„.r l.alfau 

ive selutlou was lu-Ullal, au.l was free, I uethvi ale„l,„| 

ti„.i, Wlieu lb.. a,pi,.„„s s„|„|„„| „( II,. 

-.. a pr«.,p.(ato of '1 -S r„rl..n,„ ,1.., , y,!.,.,,!.- 

*■»» «l)<a,n,.,|. n.e a..„l ,.rvstall,s,.s i„ 

1^.™.^, whteh tnelf at .J.M ' will, ,|,.,„,„p„s„ ,e,„, a,„| f„r,„a- 
'! tne vinliydnflo: 

r,.,pur„l 9 5 e.c. .V, 10 Na.)||, K,|uival,.nl. lo,) ;!, 

' jNWjjO^X'alfj.O refjfiitfs 

-s, l,„|K..i to ol,, ,i,. is„„„.rie :l .:i' ,li,.atb„i„.,|b„xv,l,plu.|,vl 
;. •'■xylic act,! by .•slHri/i, afiou of the ,.,nl,v,lr„l,. woh li„. 

■ auiouut of .«,,li,„u Mu.thoxMie (..,u„par,: ll,,. foru.atiou 
. <si »miethoxyla.|i7r,|, .i,.|r| froui nit n, phi Ini, e auliv,lri,h> 

nJ'rt 

'.•'Mure uf erts-r, was pro, lure, I j„ ||,i, ’ 



2480 arssfit ahu mathewb: i>iwienyl-2:.'J ash 


Ktltrtfica t to n of />i pA « y/ 'J 3 : 2^ : ‘S^-UiraturhttsyUe c !. 

A oi 3 G7 ^r^ms of the acid in 20 c.c. of methyl 

wait with I c c, of mmi'iitrated sulphuric ac5<l for six 

in a r*'(tox iipparatus. Th^ protluct was |Hmr<yl into 
r»*rt 4 crt 5 <i alkaluio wilh soiiimn <arhoaate solution, aud ext 
witli elh»*r In tliis 'uanner 0 t)0 gram of the tetrametiiv 

(inrlUn^ 10.: ) wm ohuiiicd, and it is thus appar**ri 

i^U-rilicutton of tlio Hri<i is tif/l complete under ordinary condi 


This rumpoMod li.is jir>-vioitsly U*en desiTibed hy Kdnii^. 
doca not, howexir, j/ivo lietriiU of its preparations [J. pr 

I’-im:, jii], 53, 37:1). 

A solution of tiudlivl i .iiidnoplitiialate (20 grams) in dilute 
Kulphiuir arid r,(\) wis dwolorised by boiling witii 

rhar<o,il, illu-rcd, i’'>«dnl to 0\ aud diazolist'd. A c<nii<-> 
solution of poia^.'iutu iodide WH.s then addetl, ainl after »m i. 
the mix In re was heated until the evolution of 
complete. Tlie etheretl ydution was waahesi successive; 
Sixliuni carbonate* ami jujduim ihio.^ulphate solutions, dre 
dtsltlh'^l. in this manner the ester was obtained 1 as a 
Ihpiid, Imlling at TXa and re mark aide for the read it :< 

wlui li d und«*roo,' . liytlioUsi.s liy iilkali hydroxide. 


Ihiitrfhif! 4 / •iJo pkt 

It w.LS tintu’ip.ited tli.it tins compound wouhi he heliei 
ffir tlie prepantiou of <ti]dienyl d : 1 : 3' ; d' tetracarlmxyiK' m 
the tliethyl ester. 'I'iie latter was therefore liydrolyse<l h' 
;>U |a*r cent. poUissitim hydroxide Sfilution (30 grams) to a ' 
of Uie eaU r (33 t^rams) with al>sioiut« alcohol (55 c.c.), 
evolve<l, and tlio mi.xturo solidified almost immediately. 
polas.siiim itialt tiius formed was collected, and the acid ^ 
from it in the usual manner. 

The arid was tluMv esU rified with methyl alcohol and con. . 
sulphur if acid The product, after pouring into water, wo 
with viilute sodium carlKmate solution, and worked up in tl 
mauJier. It was found that the alkali extracterl a i- io 
amount of acid ester, whifli was recovered and again sn' ■ 





-3:4.-,r:4'.TETKAt%niHf.xvi.io Alins 2+^, 

Jn tilU tltf* u><jc a 1 4 t 

. .!, boiliBg .t 219- ^ 

ir^S ^ve 0'2994 Agl. 1 ~ 39 81, 

C„H,0,I rtsjuires I 3;n;s p^r is-m 

Tfirnmrihfl 

1.. oomWa of dnaethvl l-io,io,.h,|,„|,„ ,nU,' ,|.e .|.„l,e„vl 
was earned out ,i, tl.e *a.„e 

u, tU ea« of th. Sdixloph.lialic <«,er, the pnslu. t IhmuJ 
sr estracuou will, ^er. The esier was uo.„„,,.au..si hv a " 

. ,«a,.ie «.oantof o.!y luatfer, a„d .Ty.MlI.sed from Km ether j! 
,.un,.u m comparatively poor yield, I, w,..s puriiied l.v re Z 
•y.t,d!,!ation from methyl alcohol. Aceordin,. t > T , ' ' 

. H..OI M. 

f !Ti - 1 to 99 . In tii^ pn^sent rano, liowever it u- i- v ' j 
i .c when two portions of t|,o si»,ne sain].!o wor*. recrvstallilerihi^ 
se from a hot concentraUsI aolu.m,,, th,, .„her frmu'a ™ld d 1 
the produeta melted at 101“ and OT' On 
-iim, isuat of mo, with softeuins at !.1“, «,,» ohserv'^r'l't” i, 

.s-.re apjai^nt that two forma of e,„er exist (Fm.ml, O ' A' 

I “I re-intr,* t' UJTS; 11 J 

Mpienp/ 3:i 3' -V T,,r.,n,rl.„.r,,l,c .\,„i (X|. 

... el was prepansl l,y (|,e l,v,lro|y.s.s ..( ,,, ,„( ramel hyl ester 
usual manner, and was is„l,„e,| |,v aeidifvme a „„mewln 
ue arjmsms «du ion ,.f it.s j,,’ 

i- 

U contained 2 mohs ular pr'l p',riK,ns"nf wairr^lrl rvLl'l'r r'"' 
-Wmann gives 1—U): " 'i' r "I > rystallisalmn 

'!'-'wveO-30.|.lCO, aud0O0,T| lu, 

l'«t 00128 11.0 at 1I.V-. ir ,)' .017 '''• 

■ -M W. 

I .,-lLO re.,u.res f r,2 l(i ;f| ;(■,«:); l| ,„ .j ,s, 

M.W. 3GG. 

• - y(rat^<l acifi w;is aI«o iifialywMl; 

'' M.o. c II 

,c'l|„0, requires C 11 ;j (i;! per cent. 

- ruulwwint "fi!rtr“'' 1 *“* ''"t f™"'! M.at 

' io'le, when heatod i‘ll5^’' <>( 



2m n'RVis: iHV. Ahstmmos srrxTKA or nit VAmns A\r» 

The »fihy«lri'le wa#, liowever, pre|>are^l by heating the aciri ^ , 
exi:e«i »{ ai-etyl chhmtle until lut further reaction took place. 
Lry»taiii»<it»oii ffuin uUroljeuzene, it was obtainiHl in needles, . , 
melted al 20-^ (Found, C 04 8 ; II-2 ‘J9. 

C - 0 / ^1 ; H - IM [ler eent. j. 

In iotubi!*ioii, liie authors wish to expr^ their gratitude i. t-, 
Kesearrh Furol ( 'o»!ifust[«*t* of the tlietuM al Society for a v..-. 
whifh d* lraye<{ the t ost oi this invest igatiou. 

Tttr r nu rtio tv 

Sn f fMJ t 1 '. 


( M V X X X 1 1 . “ /Vf ' . I ^ ( **n Sfu'ct f ri of the ptt r? # v , . 

S/I nloffis f>j Vo, nous Dericotivcs vf lh:n uiUl r I o 

IJy J|>HN Epwakd Pluvis. 

In |irf'Vjous lotainuiiit Mtioiis {l*urvis and Mct'lelain!, T., lUl.;, 103 
iM.SA, Eifol Purvis, *Ao/ , 1038) tlie al>sorptiou &|K?ctr5i oi . - 
aide! ly lie and some of its <ierivative»i have Wen described (i , 
[iruvetl that the vajuairs of several of these derivatives d.' » 
fewer ahHor[j(ioii hands tfian heitz.ddehvdc itself. In 
instat es no mu h hands were uhserved^ and that the jiijeiM)! . 
wtMe then siiml ir to tli*- solution bands, tile chief iliftereiur V. 
oiu' of posdioti. 

TIm aiilliuL has rutitinurvi tile investigation vs’ith a iiU!i !■ r 
other dtoivai iv»*s ot beiiv.atdelivde to see liow far and in wisat «; 
lions varitni^ i.-omvrie eumpounds and other eoinjKiunds >i«* 
from henz.ildehyde intlueiii’e the type of ah.sorj)tion when !!:■ • ' 
in the vaporous eondition ami in aleoholic stjlulion. 

The suhslauees exainined were : o , m , and p-chlorobenzai'U- / 
0 -, tn-, and p tolnahit liydes, o-, m-. and /shydro.xybenzahi* • 
anisaldehyde, re, m-, ami jephthalaldeliydes, cuminaldeiiyde, , 
lin, In nz ihh'xiim'. hen'/.yiidene tdiloride, benzaldeliyde -■ 
hydrogen sulj)lulr, mandelonitfile, benzoyl chloride, and i.;: 
ahlehyde. 

Th> ex|MTitneni d methods have been described before. Ti/ 
deiisesl eadmium spark was used as the source of light. The 
tion tuW lor tlie sUidy of the vapours was usually exhau.d^'i - > 
and tilled with nitrogen so as to eliminate as much as [Hir+d.' ’ 
oxiiUtion of the amipounds. For the investigation of the s !-* 
tlm auWUnces were dissolved in alcohol. 



or viKi.a-s uEitiv.nnK^i of iiKv/.u.hKin nt. -.Us;! 

lilcoholu- ^luUo., .l.oweii two 

,¥14. I, Ih 0 ‘>t unlike tho^ found in benialdehvau 

except tli*t they are shifted ujore lows ids the rtsi end 
Th. vapour of the aubsUuce iu a -iK) nim tube «t vaiiou^i tern- 
prA'urea and prewures showed the follow iii^ |dieuoinena. The 
ibhr^-viatioai d^'riptiv© of the separate l^aiuh are those which 
leen uaw! in previous communications: 


ly 

T74 BU«. 
rwys were 
'rwi^nuifced lo 
about k 2470 
aiw^i Ibe f<dlow. 
sxifi ve«k bauda 
»cn> obewvwL 


:*4ija v.w. 

:m» „ 

» to t *> 

-' 4 ^i „ 

’: 43 a .. 

i;»*l iltt* nyH were 
inuiKinit* 
t»! t..ai 3144 . 

:u' 

7w mtn, 
rays were 
iniiinmittetl to 
*b<*ut K 2470 

»»ii« ji tie* fuUow'. 
W»ftk IjMJitis 


:tb!i v.w. 

> 4 W» 

Oeui irans- 
n lo Cd 

:i 44 . 


35 " 

H25 mia. 

A 

/ 2U0S v.w. 

m5 w. 

\ 2092 w. 

29(49 w. 

\ 2986 iikkI.w. 
2979 v.w. 
2974 „ 

2968 „ ‘ 

2962 „ 

2058 

2954 mtxi.vr, 
2950 „ 

2944 v.w. 
■2919 
I 29<Mi 
\ 2902 ,. 
f 2898 „ 

\ 2894 „ 

f 2891 v.w. 

\ 2883 w. 

Fnnn hen- Ute niy-' 
showrsl tif 

al»«i;>r]jtinii tn 
X 28(H), ami tlietj 
the revs \\vr\- 

rn o d e r u t e ! y 
stpjrtgiy tmtiH*. 

2490; 

the CVl lijies 
2285 umi 2194 

wero visible. 


4 .^ 

>44 Juni. 

A 

, 300 ;; \ w, 

I 299 S ,, 

I 299.* w . 
j 2993 w 
I 2990 [utKi.>v. 

I 2988 
2979 v.w. 
2974 
2988 
2982 
29."iS .. 

2954 nioil.w. 
29.VJ 
2944 w. 

2919 v.w- 
I 2!MHi ,, 

\ 2 tKJj 
t 2898 
\ 2894 
f 2891 v.w. 

I 2883 w. 

I'Vi Mil luTe ( 1 1 A 27 M) 
t h<' lays w err 
w ejik ; ai el I li«‘i 1 
t r tm s 111 i 1 I eil 

iiion- strunely 

U> -v 25(8). 


55 

>00 mm. 

lie- rays went- wb- 
>urisvl belWts'M 
X 3no4 ajxl \ 2985 
aiul liu 11 ehiiMst 
eMiM}th'(ely hIi- 
".erinsl 1 h- 1 u,\ui 
X 2 9 8 0 fl n ij 

x 277 o; th,.„ 

iairly ^(l<)^|):ly 
tninsniittisl |o 
uheul A 257 O. 

7 5 

>78 mm. 

I he rny .s w»-n* ah 
sorlusl fn*in 

A 3(l5(( fii Khollt 
X 2n(8( HM,i then 
hs'iily truns- 

lUlKtnl (,) A 2570. 

‘ 8 (' 

900 iiuii. 

I'he Miys Wen- all- 
serinO liniii 
A :io70. 


>9s nun. 

:992 v.w. 

29 h 9 „ 

2^»88 „ 
my# w ept- thou 
tr»nj.tjutt<nl U> 

' : 47 h, ai)il |ib> 
fmrn hero 
X 2320 ; they 

■*’re lh*-Ti ffiohty 
OvuirnUted to 
<4 2144. 

Tt.- r.»t,lts show that, thoro were a ronsulcrrt].!.- uuiiihcr a! I„„kI« 
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in thtf vap*>ur which wert aVnwiit in the solution; sod that, ovi i)>^ 
other lianfl, ixi the te»)|w»rature and pressure increased, Uie al-^ rj, 
(ion of the v^p^ur wan c-omparable with that of the aolatiou i- 
far an the ranee of the vapour bauds is concerned aod 

appearance of two wide Ur^e bands. 

m * 'ktor^hr — Tlse alcoholic solution showed two 1, 

(Fjl'. I, if), which are not unlike the two banchi of the orth. 
eornpiund, hut there is a eltKht di0ereDce in position. The va^.,. 
of the oihstanee in a mm, lube showed the following j hr?. . 

mena : 


IH' 


4.V 

55" 

60’ 

774 iiuh- 


H44 mm 

860 mm. 

874 ri.i 

A 


X 

A 

X 

'Hm rByii wem 




3013 \ . 

tranMinitteti to 




3007 

nUiut \ 2440 (tnd 

i 

2072 v.w . 

2072 w. 

2972 n. 

then the follow ‘ 

1 

200 K „ 

2968 w. 

2967 w 

int? w««ak hrtOfU 


2tHH 

2»ft4 w. 

2064w 

H (<TW 

1 

20ti0 ,, 

2060 mod.str. 

2950 tir 


1 

20.77 .. 

2057 „ 

[2957 „ 

24:tH w. 


2071 „ 

2051 w. 

2952 n, 

Virto w 


204U cikkI.w, 

2040 mod.Btr. 

2970 tn 

2427 v.w. 


2',>47 v.w. 

2045 w , 

2046 

24i:i 


2037 

2935 w. 

2037 

*410 


2o:io 

2930 w 

293n 

24o:t .. 


2027 

2025 w. 

2024 



2022 w. 

2922 inod.w. 

2022 II. 

'I'hti ray*' w*'P* 


2017 w. 

2015 w. 

2016 A 

IhiMi trtijwmit- 


2012 w 

2012 mod.w. 

2013 n 

trd to t 'd 2144. 


21H)4 v.w. 

20<44 v.w. 

2004 M 



21«d 

2001 „ 

2001 a 

30 


2 HO 2 

f 2892 „ 

2802 ^ 

MiH inin. 


2Hs0 

: 2886 

28S6 .. 



2H70 w. 

2876 mtKl.w’. 

2870 u . 

‘11m mv'^ Wrte 


2H0O v.w. 

2860 w. 

28t5H > 

1 riiimmiltetl to 


2S02 .. 

2862 w. 

2862 .. 

about 2 no 


2S71} .. 

2K70 w. 

2850 „ 

atul th''U «ll<' fol- 


2S70 

2876 w. 

2876 , 

low 1 Cl hatxU 


2X47 

2847 w. 

3847 ., 

ui*fe ulK^-rvrd. 


2S43 v.w. 

2843 v.w. 

2843 .. 

24:tS w . 

riie 

rays were Tlu 

> rays were 'ITu 

> nn > 

2430 v.w. 

then trntiHtiiit- t 

tmn transmit- tlien ir;uv 


tixl to X 24.70, t 

f<l to about tett !<■ > .0 

Tli«‘ lay** worn 


X 2480. 


tlam ftliw.irU'*! 





to (M 232<t aift 



75^ 

034 !- 

then tniiininii- 



IHM mm. Tin 

rH\ - 

(e»l to (M 2U4, 



A abaur i • i 




3013 v.w. tween 




3007 „ and a .‘l" 


then ! til 

Tim rays were t«d to a . 
(hen abeorbod 
from about 
A. 2W10 to A 2730 
and then trans- 
mitted to K 2600 



or VAKIOUS 1>KHIVATIVK> of lJKNZVLI>KHVhK ‘iiSfj 

lBrt*<om pound iW vapt>ur showe^i a ronsidfraldtf 
au'isi*^** of baud* which wtre absent in tlie solution. The shift of 
jhf vApottf band* toward* the more refraugihle end of tlu* ».^>ectrum 
^ ,^rij pared with the vaj>oiir bands of tiio ortho compound i* aUo 
EVfJu'rahle- 

ij'hltiroheKtaldfhydf . — The solution phenomena of the wnn 


Kio. ), 

29 iW 32 M 36 3'i tO vj i t 





i iM'i's ,410 markedly <lifTen'nt frorfj tlinse nf the tirtli<* and mefa- 
^ It will be seen (Fie. 1, ]U) t]ut the mote refran^nhlo 

: 0-1 i* much wider and stron^pr than the airrcspoti'linf' band of 
t''‘ ‘'rilio and meta-compounds, and tliere js only a (rare rd the 
v*?* relr.ingiblo one. There is also a <:jr<*atpr shift in tlio posit ioji 
r! tli** two band* and of the line of gpiieral absorption toward.s tlm 
fiid. The vapour of the substance in a 200 irnn. tiibf) sliowed 
jt'*- Jnpywing phenomena: 



2^5 n Bvw: T»r Aitsrmn'iox specTRA or the tapours 


15" 

771 OUtl. Kl*«- 

Tbfc rrty» wnrL‘ ruyu *i?fe 

(nMunMiitnl l‘> (*^Uy innwHit- 

A t«ti U-'tWWrfl 

A ;^a3<) and 

A 237D a u cl 

then more 
Atroitgly to (.M 
2144. 

Tltere were in» irac**'** of any wt*ak n*- 
fmiiKihh' hk»; thi«‘i fmunl in 

the ort(»v uti<l oM’ta coinjHjijiiti^ in 
the nmre rc frangihk^ r»-giuiui. 

4i> 

s44 iniii. 

A 

2H*i5 v.w. 

2 h 5H ,, 

’Jh5;J w. 

2 h 17 jiitHlsU. 

I'hr rnyrt w»'rr 
thru tm/iAtiiit- 
tc'ti to aljoiit 
A 25.Vl,nnd then 
ail M n r li e d to 
alxiut A 23tMi ; 
afti-r tliiA tiu-y 
WITH titiJjuniit- 
Uxl to A 2141. 


M* 


6 a* 

Beo mm. 


874 ttuu 

A 


A 

t i}i65 w. 


r 28«5 

1 w. 


2658 , 

1 2»53 w. 

* 

2853 

1 2 W 7 w. 


2847 m..U' 

( 2 « 3 « v.w. 


2838 w . 

2834 .. 


2834 w. 

• 2831 .. 

. 

2831 w 

2 « 2 S .. 


2828 w 

I 282 A .. 


2823 w . 

2 H 22 „ 


2822 v. « 

2 HI 7 


2817 

2813 „ 


2813 . 

2811 .. 


28 H .. 

280 B 


2808 w. 

2 m ». 


2805 w 

2795 „ 


2793 V.* 

27 HH „ 


27 HH 1 *. 

27»1 


2781 V .i 

2754 w. 


2754 w 

Ihu rays wore 

'Hkj rays s 

then tnuwinlt- 

then UiUi*:: 

Wid to A 2570 , 

tod to ‘ ; 

hnd then ah- 

after w) ■ 

RorlxHl to tel 

thero wA-i . , - 

2195 ; 012144 

picto 

was also viaiblc- 

lion. 


md iiiiii. 

A moili rfdilv whli’ tn»inl ln'liii'i'M A 2Sti5 and c 2^1”, and also nm- l»i.. 

A 2HIt’<and a that i«, tin' IminU of the two fmiinl at 5.'( ,i^.i <• 

widi'iMd Into no li olliiT and fornii'd two fairly wjilf? boinla at Ilf-' ! ' 

toiii{M'mturt' and |in«jiun'. Tlin rnyti wen.* then ft'ohly trauamitU>d i<> i • 

Du" 

h34 mm. 

X 

The my« Wort; tnenmuittod to \ 21H)0» after which there wen > • : ; ‘ 
aiiHoqition. 


Ai^aiti, ill the para cuijipouiul the vapour showeti a uurnitr 
haiul% which were all absent in the solution. It is also ? ' ♦ 
noticed tlial tliero were no vapour bands on the less refranr’' 
fd|ic8 of the more refranipble bntid corresponding with the 
bands found in this region in the ortho- and ineta cojiip^i; 
These bands^ ranging from \243S — \‘2403 in the meta-coenv 
were much weaker than the bands ranging from \2469- X -* ''*'' 
the ortho-compound. In the earlier investigation of the VAjour^* 
benialdehyde (/or. rif.) at 30^^ and 799 mm. there was a wide Va^^i 
in this regiod, in which there was no appearance pf any fine 
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[fcaini nm^ed from A 2455 — A2U>0. The vHjKnir hss Ihh'm 
» g*jn ^ tower teioperatun*s atul 70o mm. aiul 

jth ^ swaII trace of the vajHHir itt the lulv to if any 
hand* had boon miaaeit. Xo such hatuls were oUstTved. 
j^fiever, and the following notes descriVu* the jdteuaineua 

ei«ei ved : 

41 ray* were h’ebly »l»H>rt>ed ^ luei the 

Cd line 2329 and then t** v -L‘m, 

>1 Tile wya WMt» feebly atmurlMsl Mi's'll v tijid I \i aiul 
^ ' tliwj traiiamitt<**l lo a 

TTw iwy* were abai»rljeU iK'twtvii v 2-tth tu (Vl JJJO uiui thru umjw. 
** * milted ti> A 2125. 



11- III - h} 'Jf {ilasli ji»l JdI iijjt*) 

111. \t 7''tlfutliUfiv>U. 


\Vitji regard to the general appearfime of the vajamr huMds of 
' lhr»'e isomerides, there a|i])ear8 to Ije sotne re^'Mihlafir*’ in llm 
r tipx of hands the liead of which in the urtlm roiii|»ounrj is at 
'vh in (lie meta-compound at A 29.n7, and in the para conijionmj 
! I -‘'47. although they differ in |>osition. These stronger 
t are not unlike the stronger bands of InMizaldeliyde at 

* ''il A A 2850, and A 2840 (for. rif,). No exact coinpari' 
•■I!', however, can be made in these directions until it is assured 
bit tiip radiant energy passes through tlie same number of molo' 
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cuIm at the fame temperature and prearare, and the expeni 
condition* of the vapour* do not imply thi*. 

It ii *1*0 to la* noticed that the number of vajjour bands 
thc« Uomeride. i. I«a than that found in the vapour of 

-Tl'* »olution bands (Fig. 2, I) are not 
thoK of o . hlorol,ei>Laldehyde and of benraldehyde. 

The vapour of the sulisUnce in a 200 mm. tube shoe, 
following phenomena: 


2<r' 

rnn». 

A 

•>03O-“'2d22 w. 

— 2S86 v.w. 

'nwu rmyn wwj 

trfcruwnitt'^i to atnint 
A *24flO ; Irorn 
th«y wfro 

to al)out A 2340 and 
tiwBfi imriAfnitUici to 
CtJ 2144. 


7 HO nun. 

*374 '2WWlv.w, 
2»30“-21>|fi niful.Mr. 
2 «».V-^ 28 H 4 v.h . 

11 HI r»y« tlH'n ftdly 
nhH«>rl>«*<i from thr ('»! 
limi 2HH0 Uj almut 

\ i780ttndlli‘'ntmii.A- 

miltMi to Hlwnjt 
A 24HO ; lytyiind thi>t 
tJut ray« U^twitcn 
A 2250 and a 2H4 
wi»r» fcobly viHlblp. 


35* 

802 mm. 

A 

2974 —2966 w. 

33f> -2919 madl.8tr. 
«>g9)i._28H5 w. 

rhe raya ^hen 

fairtv well absorbed 
IjctwE-efi A 2870 and 
A 2776 and Ihi^n 
traiwmittod to A 2520. 

45* 

826 tiini. 

A 

2977 2960 mwl.8tr. 

2934-2917 

2902 -2883 
Tb.t rnyfl 

fairly w*dl alia^irU*!! 
from A 2870 to A 2764 
and tbon tmrijiinit- 
tfti to A 2520. 


60* 

856 nun. 

Ttko rays wwe ai 
betwMii A 29 a' 
A 2630 aitd tb* f 
mitt«d to about 

75* 

886 rruii- 
A 

The rays weris a 
from A 3020. 


m^Tohnihirhijiif. Tin* solutifin baiuls (Fig. 2^ 11) are nor 
those of ill’' ortho coiiipound, Imt there is a slight <iifToi 

ijosition. . 

The vajumr nf tin* suhstance slmwed tlie following phen- 


t5 

745 nun. 


29 1 H \v. 


76S nun. 

A 

2927 2920 iiutth.Htr. 

2914 mtKi.w. 


35 
790 nil 

A 

2928-2918 I 
2914 n»*’ 


The rays then 

transmittal to ' 2430 
and then ahsorlMHl 
to Od 2329, frmn 
where thi'V wero 
transmitted to A 2144. 


Tin* rays were then 
transmitted to aljout 
A 2470, then nbsarbed 
to (M 2265, beyond 
which the Cd lino 
2M4 was well marked. 


The ra>-8 " ’ «* 

tmnsrnitod t. 

and the Cd Ii:* 
2144 wco- 
The rays fth<>'-' 
of weakenifiK 
A 2875 and ■ 
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4 *’ 

ana, 

\ 

iiin>*i.* 4 r. 
^^Ijl ILnd.*tf. 

-«».» V.W- 

is^ v.w. 

u A 2S75 luul 

' ‘••Mi-MiJlheai tfiMW- 

u. A 2510. 


60° 

845 mm. 

K 

Tb*» raya wow At>sorbe*J 
botweon ^ 20 <k) mkI 

\ 2680 Aiiit IhoiH**' 
tmmmiO^Nt lo 
A 25-1 U, 


75 ^ 

875 mm. 

Tho raj's woTo «iiiKirtk 0 ii 
frv<m' A 2078 ; tlw i\i 

iinit 257 J was vuuMrv 
W 

iHO mru, 

Tlio niAs won* altmtrttOtl 
fniJn A 2:»MI. 


y r.J^utiiJthyitr, — T)u* sululion curve (Fig. '2, 111) ilitTorctit 
ih^it of tlie ortho- juhI luetu <Hmi]n)Uii(jK<, There' is h ihuibtfu) 

■ j i... iJ A 1ms refrangible baiij as iruiicaU'el by tlm rajUil exieusiiem 
jQ the rays between 1/A2!>0i) .uul 1, A 31^0 ^^A3-l l^> A 3175), aiui 
tiu' Hxore refrangible bami is nnuii stroiigt*r and wider tlian (lu* 
..;r:>'^tx>udiilg one of the oIIut 1\va> iMUiierjdes, In tbis re.speot il 
. M.fSLliarablo with y>cblnrolK nza]dehyAle, 
lift' vapour of Ihe ^nljslonie showc'd tiie fitllnwiiig pln'hiunen.i : 


15- 

7 l.t nim. 

A 

2s43 V.W. 
niy H WA-rti then 

tri-tihUOsl to A 2480 

, i 5 <»-t(irf«n;t bt^twet-li 

r • lll'i A 2340 fttJtl 
[raJiMliUlU'Al U> 

. I .J line 2144. 

2 . 5 '' 

7ii8 mnu 
A 

2843 w. 

r.iys wore I lien 
: A 2500, 

U 4 Ui <’d 2320 
..’.1 tli-ii traniuoitOsl 
2144. 


35 

700 tiiiJi. 

A 

2840 2843 111 . III. St r. 
2833 «. 

28 1 7 w. 

'I'lie rays va.tc* llu-n 
triiJi.sniiHeO to A 2520; 

iili.Mirl»tsl to 
1 51 2104 loiii t hell 
wi'iikly I nvft'.Niit I ('ll to 
A 2144. 

4.5 

815 iiitM. 

A 

28.54 iv. 

2845 2843 

2833 w . 

28 1 7 w. 

The rays w.-re f ln'o t raiis- 
niitUsi to A 25UO. 


liu 

845 MUM. 

2855 2.M3 m.Kl str, 

I'hi- tjiys wire weak In** 
A 2.8 It) and the 
t d I ine 2748 ; t i«<ji 
weal.lv t (o 
A 2500. 

s75 HUM. 

rilM rayM Ueie aliHolhi'ti 
1 nun' a hoot \ 2tMm. 

W 

iM»5 Mint. 

4 lie ray s W( re ahsolhed 
rtiitii A 2tHin. 


Tile vapours of the tlsroc i.soinerir lolualdehydes dn not show a 

■ 5ii!>f-r of bands like described in tin* three isnmeric rlilnrn- 

t.ii if*hyde9. There are only a few somewhat dilTose batids, atid 

■ ’ — 'i!S.4ppear at the liigli l**njperat.urefl, wlim two largo bands 
y i-ear not unlike the solutiou bauds ajid ilifTer from them only in 
; .-tLioa. 

' jlaldehyde.—The solution curve shows two largo bands 
•‘■•2 -s I t. The les.s ndrangibie otte is muefj widtf .'itul strouger 
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tbao the 1»* refrangible band of either benaaMdiyde or «,f ,u 
lialogen and inelb>'i derivalivee. and there if a greater thift to»i,^, 

the rtd end. . , » i, ‘ 

Th«» va{>our of the MdxHUtire showe^i the following phenoiu.. * 

19" 

770 ntn.. 79:1 rmn. 840 mm. 

' . ^ A A 

Tlo* n»yf» were vrwik be* Rjiy-# •baorbwl 
twi-ni A 33*St nod A 3420 nnd \ 5»**i 
A 3101}. 

. f 2582 v.w. 

^ i 2r»79 „ 

Ray'S Uuwi nb«Mrli« Hr a:., 
A 2580 ; the t -t 1 
2313 nml .. 

\ Utble. 


n»e my-4 wen- tmfw 
ntittM t-i aHjut 
A 2/»»'>0, and lb* ii th»* 
fMiUmiiii,' b»ind?t 


j 25*>t bh . 

2552 

** I 2549 fJtixl ^tr. 

I 2540 liir. 
t 25;tH . 

, f 25;i I ffifKtl w. 

^ I 2532 lui^l -n. 

I 252S ratr. 

2525 V*. 

I 2521 n..-l .rr 
2517 «tr. 

[ 2514 V tfr. 

2505 25<f2 iV 

diff. 

2499 249}) 

f 241N> 24S4 

1 24SI w. 
j 2470 24T<J .lilt. 

I 24ti7 

245i} 24. r2 w. «n*i 
dilT. 

( 2147 2139 .. 

\ 2437 w 

'Hi'' nty-t Win' ihiit 
I rrtMHiml t*'‘l t*» A 2 1 10. 


I 25h2 v.w. 

\ 2579 „ 

I 25541 w. 

I 2.551 nifHl.w. 
t 2.549 Hlf. 


Ilityji wi'H* nh- 

fwirlw’tl (n»ni a 2535 — 
A 237.5 ttiidlht'utmtis- 
fuiUtral Iff A 22;50. 


SIO nnu. 

A 

llnyA iilimwt rtnnphdely 
tilit^irlx^l IwlAt tffi 
A 34<HJ liiul A 30.50. 


I 25S2 v.w. 
1 2579 
. 2'».5<f 
I 2.551 
I 2.549 
I 2.545 


KTi’i nun. 

Rnys absorlKHi U i e, ■ 
A 35<K} and a 29;'‘ ^ 
ihnij lranii!mo...i 
A 2iHMJ. 


895 inrn. 

Raya cf»rnj»h't<h 
Hurlanl frum a 3 . 


Hays then ah^frUsI 
frurn A 2535— A 2355, 

and thi‘11 tnmsinittfsl 

to A 2240. 


At the Ifiwer tenijterahires and pressures the vapours slu^w ! 
nornUr of well delined l)and8 on the less refrangible ed--* ■ ; 
large haiul on the inoi«' refrangible side. These bands were lo. 
in two dittorent uaroples of s;\lirylaldehydc which harl been re.:.‘ 
iille.1. The gnntps ol l>and.s .!, //. f". and I) are very siniil.o 
nppeariiiM'e, and the umujfs of bands l)eyond D show siH- 
division wbifb .»re not. sufl\eifntly m.arked to measure Urn ooon 
rnts. Al tbe bigber temperatures and pressures Ihes*' • 
disappear, ami the Iw.i large bands are then roinparahle ' ' 
fM>lulinn hamls. 

in-ltt/^iron/htu:nUthifth, The solution curve shows two Ms** 
(Fig. d, 11). They are coniparahle with those of the ortnoe-'' 
]>ound, except nhat there is some difference in position. 



Th..H»...U...M.„i..., ,H, _ 


gr 

764 mm, 

jc^y* iilw»rt*^ bf^wveit 
I nod A 24^7 aiif{ 
A WItl 

t .M4».ajui <4»fn imnii- 
rstn.4 u» A :^144. 


IIH' 

<64 tmu. 

lUy.^ ftJwi.,rUH! U-!w,^-,i 
A - 4 s:,tt„a A i:i-s\i,xiui 
traufuniiu^J i.. 
A 220 ( 1 . 


lutiu 

IS.*}-- «l»„rl..,| 

■ll«l,i„| , JsiKI 

^ - .M(>, 


764 turn, 

lUv' brtwty^ii 

I 24i'2 *ad A 2457 «u<J 

A 2452 and 

^ 2446 ,it(id th«fi (nuU' 
lo A 2 I 5<1 


lOg" 

764 mill. 

|U)>» ftti Hy tt»*t| ah. 
tMHiWty^tt A 247U 
Airtl I. 23riO, anti thon 
ttui*,t!iittM(oA 3170. 


138 - 

764 mm. 

J^Avs fairly wtll «h. 
»»trj»itl lx.ta,H>h A ;tn:o 
A«d A 3940 xfHl il,v„ 
trwunuiti^ to ^ 3,^^^ 


16 s 

"64 mm. 
idiMirlhHl 

^ :u :. 0 . 




764 mm, 

Haya w>l| atistirU^l Ih^. 

A 3 (|tm 

A 3 <«Mt,m.hhrMimr.s 

InJittnf tn \ 3 ;>|(| 




Til*. va,«ur sj, 0*^,1 

Ml.: 


Km, 3 





I '.'W'> with the sol„(i„„ |,,„„,^ .,, ^ • ' .-ire 

“'I »"<l l■e„^.n|,lel,y,|„ (/„, . , ;f' ' Immh „( 

.' t »/,) )i,.ve e, mi, ,lele|y.,|i^, 


' 
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ASl, 

asd ii ao well-marked compariiou with the cuutow bah || 
ealicjialdebyde. 

ydrtfxt)htmaldchydt.—Di^ solution curve shows one U?,, 
hand (Fig. 3, HI), which a|>j>ear8 take the place of th. 
hands of th^j orthfj- and meta cuiitpounds. 

The vapour of the buhsUin e showwl the following phenon*- 


7.’>" 

05^ 


135’ 

76| jnru. 

764 nim. 


764 inin. 

lUyr# f.urly well ah- 

A 2H55 A 24uU w. and 

A 2)i5» 

~a2s3h »ji 

«orlNt«i tM-twwJu A 26.’iO 

ahtij attiMtrlMsi lad ween 

then 

euinpleo-i 

and A 24«'>i| and then 

A 2690 and a 2330 and 

tkurbfd fmm a . 

traonoiitted to A 2 144. 

ibeii trun>smiUed to 




A 2190. 


U.T 




764 nun 

764 rotrt. 

115 

Hays 

&|jai>rbed ! 

Hays f«>«;tdy atjMorlHsl 

764 nnn. 


A 2»7o 

|>etWMUi A 2S.i5 and 

A 2 s:jS a 2X31S fmMl..str. 



A 2itlA and t^rlwucji 

and also tj*dwiien 


155 

A 2070 aiel A 23SOand 

A 2790 and A 2320and 


764 Him. 

ttien tratkstmtoxl to 

then iransTiiitted tu 

Kays 

al*»K»rt»t\ 1 

A 2140. 

A 2lyt‘. 


A 2SSO. 


Th»' vit|MHtr tluTcforo shuwcil a wi’ak iliffufl© less refraiiji'iMi. > , 
iwnl a strong wiile t)ne. Tlie weak haml does not apjwar iu ? 
s4jlution. It as if it wer** nuTged into the Urge wide cn.-, 

all the vupfjiir haiuls of ]>hen<.l .iiid i>eiaaldehyde have disiipo^dr'^: 

The solution and vapour of anisaldehyde were also examiin li. 4:;' 
similar restilU were obtained to thoaii of /s-hydroxyhen/Jild. ii-.i; 
all llie vapour Uand?i of anisole and of l>enzaldehyde had I:!*? 
pea red. Tlie phenmnena are, t lie ref ore, not described in d^ta;' 

(V , in , p idithalfildrh f/drs. The comparative eaee witli : 
tliest* suhstanres ai'> oxidised to the corresponding acids 
invt'nligalion of tlieir vapours ditlicult. In each case tlie al- ra- 
tion tulw^ w ks liih><l with nitrogen, so tliat the oxygen pr- ;«•!;; • 
eom pared with llit* amount of substance must have been uegiu.* ;• 
d'lie vajmiirs of the >,uljRtaiices in a 'jOO mm. tube Bhoue.i 
following pheiH>riu'na ; 

of*htfnUal{Itht/df. 

Prwrturo 
t“. it» mm 
“J Ttln 

^'2 7«'.n 

l>2 "fiO 

102 "I’.o 

112 7tio 


Unys sven? transmittiMl to A 2170. 

’rite rays wt‘r+i transmitted to A 2200 ; but li - t 
»hnof»t completelv at>8C>rbed between A 2530u;!'l ‘ 
'riie niys wore wholly absorbed Iwtween A 2560 a; id ' 
and then Imnsmittod to A 2240. 

'Phe rays ahowevl some signs of weakening betw. i n • y* 
and 2^30 and were completely nlworbetl IkCtw* '’u * • 
and A 2320 and were then transmitted A 22.’'ai. 

The rays weo' fairly well at>sorbed between ‘ 

‘ 2!^io and then tninsinitbsl to A 2tUH», from vs tn f' ■ 
was coinph'te alnjorption. 
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m-Phthiilaid^hyde. 


80* 

7e« mm. 

^ »y* »«« 

M»o«* * uaa 

^ * f430 mid tJwii 
to X 2360. 

wr 

783 mm. 

rbe wv** were tmna* 
tKiitrd to A 2480. 


7^3 iiuii. 

H»ya u ktxloni t^y ab > 
Aurlteii bti^iwet^ii 
A 306^ ftaii A 3046 lUkd 
tbtMk umuain)tu*^i to 

A 3480. 


110 * 

762 auu. 

Fiiir ftbacrption Ix^twmn 
A 3070 ttrul \ 3066 atul 

alA> IlHXlbTAto ttUiorp' 

Uori betvi^^n a 3870 
Mud A 3780 atid tl»^a 
Inuuiuiuion to a 3600. 


130" 

763 turn, 

Fair At>«k.rj>Uuji 

\ 3070 tuiii V 3066 aoil 
ftiirly ttrll iOMttrU^l 
U'tu^itia A 3s7U lUivl 

A 3Ts0{viid thou trtuis. 
mini’ll to A 36SU. 


Uo 

763 Uiiu. 

CAHKinlMHtqittoa 

A 3076 ami a 3940 aud 

U'twt^u A 28S6 H.i)d 

A 2776, iiiid tlw'u 
trauMiuiMsitki) to a 3600. 


^hPhthfilni</ehyde. 


86" 

760 nun. 

b«v> AiKiurbed bAtweeu 
i* 3&iU «ml A 3360 and 
traiuunitted to 

. .nm 

96’ 

760 mm, 

jn f«T^bly alworbiHi 
A 3060 and 
• 3*r3o luiii itronjily 
iit t\i(«(i A 3630 ami 
t 33UO Aitd tbeii tnuut- 
fi^tlni Ui A 3140, 


106 

760 intn. 

Ra>ii fairly wt*li ab- 
iorbcd Iw^tAAoi'U 

A 3030 and \ 3030 mul 
also btdwivtMi \ 2960 
and A 2780 and t*nM» 

tranamitb’tl to a 3040. 


Mtr 

760 ittia. 

A l>soq) ti uu l>ta vA'iH*n 

A 30SUiu)d A 3780 and 
t)i<m wrfik transmit* 
aim) to A 3680. 

136" 

76o imn, 

( abwirpiMtu 
froijj A 3100. 


The vapour bands of bduxaldehyde, then* fore, all disappear in 
three compounds, and the phenomena are not unlike the 
cluUun bands. 

Thf- solution bands of the rn- and pcotnpounds (Fi^. 4, I and II ) 
F * very similar phenomena to the rn- and yAchlorol>e«zaldeliydes 
Ir.i the m- and p-tolu aldehydes in that tho m compound lias two 
k;. U, whereas the jr^cora pound has one Urge more rcfrangilile 
^nd and the less refrangible one practically disap[)ears. 
''umiruddehydf . — The solution curve (Fig. 5, I) shows two bamln 
.‘::ch are not unlike bcnzaldehyde or the isomeric o- and m tulu- 
but there is a greater sliift towards the rod end. 

Tbi? vapour of the substance in a 200 nun. tuijo o\ltihif*‘d (In* 
' '»ing phenomena: 
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r'- 

50 






Tt* 




I»rr«furc^ 

in mm- 

7^2 K*y* (rauiumtU^l to \ 

7^2 |(i*ys wm* wt'nk K’twt-t'ii rtlmut v 2>'i(K*ntul ^ L’;>^0 il»ou 

to t.'il 2U4. 

7^2 R*>'» KliOWtxl JttgliS t>l mukiu ^'i In {»n‘li ^ «!iil A 2 mM» 

anil aitiHXvi i'oinj*U-ioly nluMirlnHi U tM«x'U a i.\ViO ami 
\ 2320 aiul tlieli 1 riMifUillttsl It) I'll 2U4. 

762 KayH i*uijij)lt*to!y nh^orinil uln iit v 30(kt 

aiid A 27 SO, iinit ilkii tmtiMuiUivJ lu a 2r>0o. bm tiko l\l 
lines 21144 uml 2144 afro a isiMk, 

763 Rays K-tut'otk a 31tH) uinl a 2Tih> ionl tln-n b'^-bly 

tTHmuiutted to a 26tK). 

762 Hays absi>rlHxl from A 3l'»0. 

762 Rays aiMkorlKH.! from a 327itV 


T)i^ vfljtour shows no trace of any of the narri»w vajxnir hands 
^ Ikruiaidvhyde or of the hantU of any of tiio nunpoumis dt'scribcil 
The phenomena are cotujtarable witli tlic >olutioii ]*aiiti.s. 

solution curve (Fi^. 4, ]M) ^}lows traces of two 
VveU at 1/X3200 (.\3120) ami 1 .\3(vH) whidi rapidly 

/u»r into one large baml. Tiartley (T,, IS>S, 53, (ol) buiml om* 
\ 4 r 'S s-trong hand in cat-twliol at ] a 3b60 (\’J7.tO>, am) llie two 
t .,!Kh of bensaldehyde are at 1 \ 3j0t) (^a JSjo) ami 1 A jOSO 
jryiaOp It app<*ars as if tiiere iiad l>e<o> a fiisioti of (liese two 
iiiid** into one largo band. 

) The vtt^Kiur of the suhslance in a I’lHI Mini, tulie showed the 


f ^!wiin 2 phenomena : 

Tn^ure 
; . lit mm. 

1 <HI 

77 U 

Thp' rays wt-rt- wkak hi tur< ii a imiOriixl ^ roonatnl b.'fwis'n 
A 20')0 lotd A 2 .'t 30 ikiiil lliiii t rioiMinI (cil In A 21 M, 

l !«0 

770 

Hnys fairK' u< ll iibHorb**!! In'ttkii'ii a iiOlOimii A 2000 , w<'i*k 
l>ctwt><'rt A 2 t >40 and A 2 Sc 0 r and fairly At) ll iil)H(»rln'd 
b<'twty‘ii A 2070 artd a 2 .‘) 1 o and tfini Iransniilfkil bt 
A 2 U 4 . 

lie 

TTO 

Huvs well altsorbi'ii l»cl«c< n a 'UHO itnd a 20 H.S, wxak 
|ydW(s*n A I’O.'iOand a 2 s;io, and well ahs-)jli«d hilwiiii 
A 27 lK) ami A 2.'>10 and tht o i noi^inil O d lo A 21 ^ 0 . 

i 2 (.» 

770 

Rays well abwirlHsI lu lwein a a JOsA. fairly w.-ll 

alisorlusl lieiwas'ii A 2000 and a L’sjo, and < (nu|it'l<'Iv 
abwirlkHl Ik-lwei ri A 2720 and A 21 aii. an<i fh- ii Iraia* 
iiiitUHl to A 22 aO. 

i!v*l 

770 

liaya well altsorlssl Indwer ii A 303 fl ami a 2 sOO, and entn- 
pletely absorla-d betwci'n a 2730 ami a 2 Io<) ami tin at 
tran.smitted to A 2270 . 

Utp 

77 U ' 

Hays coin|ilefolj' uliHorluNl bi ivtcrn A .'1040 and A 2 .'lo 0 mal 
then tranainitUsl to a 2270 , 

! ')** 

770 

Kay'S alwMjrlasi lH-tw«*A-n A 30.70 and a 210 HI ami tla ti liaiiH- 
mittorl to A 2200 , 

b-n 

770 

Kays comph’U'ly ahsorlasi from a .' 1000 , 


i;)*‘re were no traces of any of tlie vapour bands of bdiza jdeiiyde, 
• tie* vix weak finer bands found in cabrhol (I’uiviH and 
'■'•Und. T., 1913, 103, 1088) have also diHappcarerl. Tin* vapour 
■JiCinena are wholly comparable with the snhilion phenomena. 
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JitntaUoiimr.- -The •olution cunre (Fig. 6, 1) tbowt two narrow 
banfj» at 1 A34fX) (A 2940) and at 1/ A 3500 (a 2855). Ther^ ,, 
al>K> v>me indication of a weak band betwoen 1 /A 3570 (A 
and 1 /A 3640 (a 2745). Beyond thw there w a wide strong lin* 
Hartley and Dobbie (T., iklO, 77, 509) deecribe this Urge luM 
but they have not deacribed the presence of the two lets reiris^^ 
Ible narrow bands. They draw a rapid extension line beivt>»? 
I , ''A 3650 and I / A 39(.Ny (.v 2740 ~\2o6(J), which probably ind ,,v, 
thcHC bands. 

Kio. 6 , 

34 n 40 42 44 44 



I. /i>nz<tlJ(>:ninr. 
n. cht'jriflf. 


The vapour nf tlsc substance in a 200 mm. tube shown] ^ 


foUowiii 

ig plieiiotiiena : 


Treiwurt^ 


f. 

irt mm. 


40 

760 

Tlic myn nhowM Hign« of weakcninj? between 'Ct'" v: 

A 2300 and were strongly tratuunittcd to (M -Mti 
The rnyg wen^ nb^orlKHi Wtween A 2530 And x 2>'‘’ » 
tlictj tfivnsiiiitt*Hl U) t,.d 2144. 

4r» 

7<>9 

.v> 

760 

The mys were «b»f>rt)c^l lictween A 2<W>0- -t 2321 ;i* i ' ' 
wrakly triitiHinilt4'<l to a 2144. 

00 

760 

'riie rays w^ere tn\n8inilt4’<i to A 2580. 


760 

The TAJ'S were transmit tetl to A 2570, but tli*y *' 
signs of wmknning between about A 2820 and < ' 

U'twtvn .A 2740 and 2720. 

00 

:<v) 

d’lio TAJ'S were fairly wdl absorbed between 

A 2780. leas well marked between 274(t and ' 2*-'' ' 


then weakly iransmitted to x 2670. iM-yond v* 
w'fw complete nbeorptioii. 
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t?:at b to «y, thero were ua sen<« uf Ane b.-uids co!Hpar«hle 
,,th Uio» found lu the va|K>»r of l^eiuaKioliydts and iht. vapour 
i^fthunon* wore comparable with the solution hamU of Uentald 
uiime. It ii imporUnt to notieo the appearamv of thf«ie narrow 
hAnd>. They are not unlike several uf tlie seven wtdl k.uovn benreno 
^,!yiiou bands sliifUd towards liu* reti end. It s^vni,, as if tho 
ehniination of the aldebydic oxygen in bt-nMldoxiine hul altertHl 
the tascilUtions producing al»surplioa to an exte nt iliat ibo 
U'ua'ue vibrations were partly restored. 

jiraz^jIuJrht CA/t,ridf.--The solution curve (Fig. b, \\) 
thft^ narrow bands at W\3G:>U (A 2710 k 1 (a 2(>72) and 

^ ,\3.*^20 {A 2616), wliicii gradually widen into cub utln-r, These 
Uiree band* are not unlike the three solution Imnds o( (oluette. 
*ilJi which they have been compared, but the large strong band 
which the three toluene bands coalesee ib ahM*nt. and the 
'bree bands are shifted more towards the rwl. 

The vapour of the subst.imr in a 200 mm. IuIk* showed the 
e ilowing phenomena: 



Pnwmre 

1 . 

in mm. 

30 

752 


752 

tkJ 

752 


The rayN Vienna httl.Mv.-nk b.-tw.v‘n ohnut \ :*7iV,,nui Ji *’ 7 ^) 

^ tnuisnmu^l to 

The m'H urre ni.><h-n,l..lv w.H ahhurlu .l K, tw,>-n \ ;‘7gr.H,i*l 
A (Iiul f,i,rly well v jf;:,;* ,inr| a luuo 

tJu-N l^ulNmjll^Hl to .V gimn. 

The rays wen> w,.|I H},sorfKxl l«-tw.-. N v g7j:, ahil \ 2700 
foirly well lK*tw.>ai A L'<5ar. anO v :MUii. ..o.t f I,, re were weak 
nuiuatiojw of uUorptioti iMawix-n a ^ 2:)73 j Un, 

rays wen* tlu'n tniosinitteil hi a ' 

'Hie rays wen- aiM.ilM d ftcu, \]i,- c.j i,,,,, 


.V'. «Ti« of fine bands were ,.bs,rv,d like lb...,. i„ d,,. v.ipunrs 
I i.,.„zalf|ebyde or of loluon... and iln> w,.:ik narmw l,;,ndK arn 
■vdiarable with the solution bamls. 

Ifyii-ihlrhi/tle Soffium //ytlnxjtn Salji/ufr. ,1/ ](10(.l- iiml 
.V ovHK)ftolutions of this substance were examitiCfl, and tlie ty|>o 
f *b-,rption Wais exactly like tiiaL of l.en/aldchyde il^df. That 
Mo say, there were two bands similar in appraiam o to the two 
JtK.n bands of benzaldeliyde whirl, Imve been dewribrd ladofM 
-’V). As the curve Is !ik^ tjjat of benzalfi.Tyic it has noi 
•‘'!t r.nrrxlucwl. The vapour ui lh,> stil^^tamc Voulfi nr,t. he 
‘ d heeause of its ea-^-y <]^compiiwit ion. 

\i).^ d/KH), and d/ 1 OOi) ,w h,( rf the 

'■ 'ifrr were also examined. 'I’he hami* wrrr vfiv hlo- (lie 
* -‘'n hands of henzaidehyde, hut (hey wire perhaps not (juite 
nfjiig. The vapour wa* not exatiiined hecause of iU ea'^y 
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Btniwji ChloruU.- ’X'M »o1ut:on curve (Fig. 5, III) shows tki* 
there is a wfeak hand not unlike the solution band of benxok Hr;. 

by lUrtley and Huntington {Fhtl. Troni., 1879. 17{) 
*I-}7}, •*xr« pt that it wa* moveil :iiore towards the red end 
hand al-^o not unlike the refrangible band of beozaldehvj, 
))Ut there m iin apjjearance of llio large benraldebyde band t-,,, 
in the more refraneihle regions. The easy decompfs^itiotj • 
Uh 7 oyl rhlori'h* nuok* a study of iU va^iour ii! 4 > 08 sible. 

Cinnninnldfhyiff.- TU^ alisorpliou curve (Fig, 5, II) ahow^ : 
large band wfuch fornjdHeiy covers the area occupied by the u. 
ijeiizaldehyde hand«. 

The vapour of the hulo'tance showc^i the following phenomeni 

Pniivoin' 

t . Ill inln. 

,‘jn 707 1 ti< ra>>i wi n/ triwiHinilti'*! to X 2144, 

4 ,'* »^'t7 TUf riiv-^ w*'r»‘ alnitmt comjdrn-ly aliJw^rbiHl betn^if-u > j'V 

unit V 2;t70 lunl thru to \ 2144- 

i'Hl *o>7 Thi' rny-i wi n- atit^^irU'd lK‘twt-«’n x 2H50aMd A 226o iu. i . 
(>•» !»]%' UniiMiulU'il t<j A 2194. 

7,7 h!>7 '!'hr r«c\ >i wrn- <‘oni|>lrl4-ly nliw»rlK^l from A 2900. 

iHj 027 rii»' rttyn wrri! complrUdy ahsorlx'tl from A 3000. 

Tin* vapour >ho\v'i no scries of fine bands characteristic 
vapour of fu raldchsde (I’urvis arni McCbdand, T., 1913, 103, 
or of th'frc of li.ii/ahh'hydo {h>r. rit.). The single large \u\i' > 
comparable with tin- solvilion band. 

f/j'rit nU Hf /ulfg. 

Tlie child results of tlm pme<iing oWrvations are (1) ihit 
vapours of the three thlorobcnr.ildeliydee exhibit a conoid-! * 
numl><u' of iine h<in'la wliii h .ire absent from file soitjtions. and d o- 
tlian linwe found in hm/aiih tivde vajunir, and that the vv.-in- 
o- and in chioroliriizaldidivdcs show some weak baiuU on \h-^ ••» 
refraui^iiilc edio‘ of the second more refrangible band wdsi' * 
absent from the vapour (if the ;>cumpound and from the ■ 't' 
sponding band of licnzahleliyde ; (2) that the vapour*; of lh*’V ‘ 
tolualdehvdrs possess a few diffuse bands quite unlike thi>e i • 
in b*>n/;dib hvde :*iul in the three cblorobenzalflehydea ; (3) tl v ‘ * 
vajiour of halu vlaldidivde **:<lubits a number of fine bands ’■ 
less refrangible ed^re of ibe second and more refraiigd'l' 
band which are iliiTereut from the few* weak bands in ni !iy ir ’ 
benzatdehyde and are ;i!»sent in the vapour of p-hydroNV' - 
aldehyde, juni tliat ail these hands disappear in the solun- 
also in anis ihl- liyde ■ (A) lliat the vajionrs of the three . ; ' 
aldelivdes, of cuminaldeliYde, and of vanillin show no he* 
like tiu'M' of lienzahlchyde, ami tliat the phenomena aeo 'i^' 
solutii^n phenomena; (a) that (he vapours of benzalcloxin e 
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cWoride possess no fin<»r vapour bands; vapour 
pbrcomen* and toluUon ph^uom^^tm aro similar, and indicai^^ ih.^ 
of lii« r««dues of several benieite stihuion hands. {{]) that 
iolutmn* of beiuaidehyde schIIuju hydrogen Milphite and* ol man- 
^k.Hiirile show »baorption hands similar to tlu)^e of Wnialdelivde, 
affserriiti solutions of benioyl chloride jH>ssrss a wtak hand not 
Jiohkr that of benzoic acid; (7) that the vapour of cnmanmJdehYde 
non< of the characteristic Un,U ni hcnraidoliyde or ‘ of 
iCTAUeltyde, and that the phentuiuoLi an* conipar.ihlc witii iljos<« of 
,i^HniiUou;{S) that the hner kinds found in tlie vapours oi vari(Mi> 
at low tein|M‘raturf« and pressures disappear at lii^dier 
trmjersturea and pressures, and they are replacvd hv hands winch 
irr* comparable with the solution luuids; []}) that* the isomeric 
.vmpiuttds show differences aniong^t thenis«dves both as vajUHirs 
ind ni solution, and that the f>ara compounds cxlnhit tin* most 
niAfked differences from tlio ortlio- ami ineta i-ompmunls. 

In the author’s previous communicatioiiK tlio <d> sorption spectm 
..i nunierouj organic substances have l>een discussed from a co.i 
tikration that the fundamenta! vibrations (d any simple sulislanco 
*^ih;hiUMg selective absorjition are inllucncrd by surh diffctenl 

i. :iors as the number, the mass, the intrinsic cliar.u'ters ami the 
o .'id relationships of t!m atoms of the molecule and its shk. 

. ..ns and by the physical conditmuK as vaj.ours ..r ,n solutum. 
h .diown that the line vapour InamU of sm h sulistances as 
kuicae, aniline, and jihenol hec.uno fewer or tlisappear altoMotlier 
>0 i fuse into one large hainl by tlio introduction of v.iriou.s tyjnw 

iiiechains. The miggestion was made (hat ti:- final result ol 
tf.i: vilfrations whicli produce fudectivi^ absorption dep* nils oii tim 
:jm<-r^tion of various oficillatory centres; 1lm sided iv- al.snrptmn 
;d indohenw'tie or of nit I oluMizemn for i'X.imph', is dilh rejit from 
ilhit m cliloro- or broirio benzene (Purvis, T., PJll. 99 . Sj], LdllH- 
p^rvis and McCleland, T.. lOld, 103, lOHX). The result s\d the 

ii. '*ervalion8 described in this I'omnni titration lonfirtn this surges- 
|t n It receives consideralilo support wlieu la tizaldoximr i.s con- 

more closely. The vapour of UuztMrhyth exlnluts a con 
!‘rahle number of fine banils. Then- l>ands\'irc ahsiuit in the 
and ooth the vapour ami the solution jmssi'.si. (he rcftiilues 
' v'vera! benzene solution ))ands bordering on a strong hand on 
* refrangible side. It appears as if the eliminatifjn of the 
of the carbonyl group had eiinlded some pimtion of the 
ratioiifi of the original henzfme ring to lie recovercrl. In com 
x.on with this line of argument it may he recalleil that Hartley 
Y I>-*ld)ie (T., 1900, 77, 318) found tliat solutions u{ acet- 
•"X.uip and acetoxime had no selective al>«orption, whereas both 
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.a.,d^ra. ana ss 

ft '"TSfon S ^ of bnn^y. chi .. 

‘'t" UiT; ulof ben^ic acid. Another argnmont - aug,... 
. the com..lcl* absence from the vapour of nnnamaldehy 1,. 

f,-x" X" rr;r“ri,i r::, 

r::x .i.icb 

.• f ll - viI.ratU svstem influence the atarption very , 

siderably. ^ solution. Their p!.n 

I'ljn't ,..f by'a Mimle l.and or by a very few which are «!, .. 
taken (itli r y , v,l, rations of the solvent in'-- 

wth S'of the <l.e.solved substance, and the 
red niav !« influenced by a damping frictional r^istanc.. T,.- 
rJult i'a also the aame when the narrow va,»ur bands coal..s.e 
large strong b.and.s, as in a homologous l'*! 

weight increa.,.* (Hartley, tgp 101 ’ 

T 1910 97. 09‘j; Purvis and McClolarid, T.. ; 

1911 103, .i:i:il, or wlien the luiinber of similar side ci. a : 

in ‘Led (I'ui vis, T., 191 3, 103. 1G38, 9'J83) or as in mdo r 

and nitrotieiizene when the intrmliiction of a single atom .■ 
singb. n,.rogroup destroys all the 
of henreiie. toluene, phenol, aniline, and aldehyde (for. ... 

It is also to be noted that solutions of benraldehyde s- 
hyilrogen sulpliite and maiidelonilrile sliow bands similar •. 

rbenraldel, yde. These weak and unstable combination, d- 
:Le::tUUy ci.ange the fundamental vibr^on, of solut..,, 
be>nwild©hyde 

I have again to thank the Oovernment Grant Committee , 
Royal Society for their a*istance in partly defraying the 

the 
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i VXXXin.-“WWnw7fn Poteuti(iI:i of Mixtures of Aertir 
Acid and Sodium Acrfute, 


Bj Geobge Stanley Walpolf, 


jIixtvHES of tho type acptie Acid>-«<Kliiin) are largely lists! 

ja certain connoxioas as regulator mixtures ’ in tite pin*iiico‘ 
.-bemKAl invcitigation of protein solutions During tlieir oxamina 
•m for this purp<«o their extremely small difTasion potential 
again** saturtUd potassium chloride was notiosl, and the work was 
repeated with a calibratisi potentiometer, and every 
pnsrAuticn to obtain as high an order of accuracy as pnssihle. U 
iihefH’d that these moasuremeiiU will provide the net'essary experi- 
tt.fflu! data for an investigation of the dissori.rtion con stunt of 
arid and the dissodation of so<lium acetate hv llu* energy 
a 5 rthe<!. Some of them have alreaily l)t>«eri used us evidence in the 
,!LsctiSium of the vexe<i question of neutral salt action hy McHain 
Aui Coleman (this voh, p. 1.VJ8). The cells invest igaled were all 
d the type: 


i-i IL 


■eetica-'j*! *c«tHiiii a, < {^t,. 


saturaio.i K('l | 0 lO.V Kr|,n | llg 


itilhough the actual ineAsurenient was made in (wo slagrs performed 
i'f;'Kr*iulely one after the other, as will cxphdtied later. This 
in firactice was more convenif-nt, and intr...iii. c | ],o inuccu- 
rii V itiie the result j rather an iiicriMsiMi mx'ur.u'v was w^mrel 
t rrfhy. 

Twn jseriea of mixtures were exaimmsi, namely. (1) acetu' uenl- 
► -imm acetate mixtures in wfiich tin- t<ttul "an late” was 0 L’O.V 
fcnS (J) acetic acid-sodium acetate sorlium eli]<>ri<le mixtures in 
acii the total acet^ite wus O , and thi‘ total sodium was 

i :o.v. 

It will t>e seen at once tliat eueli solution of mm u s 1 lias a corre 
nimg solution in wries 1', which rliffers fr^m it, . nly in (hut it 
•' ‘r^Ums an amount of sodium chloride molecnlariy e.pii valent 
Arctic an<l present. 


Kxi'kiumkntal. 

tne d acetic acid was staridarrlise.d by titration (hrsl trace f.! 
i -*o\i phenolphthalein) ugiinst 0 LIDA’ haryta, wliieh was itv,.]f 
i'^diately titrated against A' lijvlrochlorir acid, 

Tlp a sodium acetate was made from iiiuteriai wliich showe<l no 
of properties when an endeavour was made to purify it. 
^»«Ler by recryaiallisaiion. Each sample gave in noHnal s^jluliori 
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a trace of colour wiilj two flro]H of phenolphtbalein 
Samples of thw «o<lium aceUte deliberately made add will) 
acul or alkuliue with Hodium hydroaidd gave on repeated recrTit*; 
laatirm from the heiit conductivity water available, norma! i, 
tiojis of the same properties. Another quantity prepared fron; p... 
s^;*litim hydroxide and acetic acid free from higher homol«:'>Vi) 
acids iti the same mHOiier. measuremenU 

the 0 l<.i.V-<!alomd electrode gave (>‘7635, and 0 7765, van.h .. 
which are rea<Uly acconntel for by I part in 5,000 of aceu. ^ 
or leue. Tiiey cannot have any influence on these nieaaureni*-)/^. 

The uoliitioJH were first made up to have a refractive 4 >? 
131420 at 17 5" (forty four woale divisions of Zeiss's .lu:’. 
refractometer), and tlu-n adjuslc<l by an electrometric ih-c^ . 
devise<l during the (’ourse «f this work. 

This is rci'erreil i<> in detail on p. 2517. On account of r- > 
applicahility and atruracy of this method, the tedious ani 
accurate sodium dcleniii nations originally employed fur th*' :.i, 
slaudardis it irm were ahaudoncfl. 


.1 ppriTatn$. 

The ehudrorntdive force measuremenU were made with a poO ' 
meter bv y guaratitced to have a maximum err^r u ■ : 

I in Ifi.iHtO at otje volt. By means of a compeiiHation arran^o 
cniho<lu‘‘! iti the instrument measurements of less than u l- ■, 
could l>f‘ read to n l millivr)lfc and estimated to U'Ol millivi ii. T . 
ctmld, iti la.ses, he read with precision, for the zero m^v-: 
of the elecLronu'fer was haiiished entirely hy the complete iio-,:! 
of the -staiidani cadis, the accumulator and the potentiomci^r :: 
each other, ami the whole of the rest of the apparatus T? 
cadmium Weston cells were iise^l, one for rough and one f< r c 
accurate measurements. Tlie latter at the beginning and > 
end of the research was cluH‘ke<l against one with a N/ :i. 
Physical linlmratory certiltcate. Its reading on both ; 
was I ()l^3 i 0 0(t0l volt at 20". In ortlrr to observe the iitoYK - ^ 
of the mercury meniscus with pres^ision a cover glass was ‘ 
with Canafia l*als.am to the glaes capillary, and a comhinat. 
high magnifying power witii a micrometer scale employed. 

All measurements were made at 18°. 


llydrn^fn Elffirndt. 

The gas electrode used fur the final measurementsS w ■’ 
Brislee type (TrufM. t\ir>uhi>j >’or., 1005, 1 , 6G), .\ ' " 

platinum harnt into the surface of Jena-glass was black’Uio: < 
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in tiie usual manner in a ohloroj*Utinio ari-i solution 
aceUU», and subaeqnently tr^at^i in a<v-onl* 
^ iritli Wilamore’a recommeudations, k'.M.r, readincs repro- 
jitrtKe and couaUut to 01 millivolt wuld W rt^ndily (obtained. 

la botll wie* of boIuUoiis a [•reliminary vxpbirahon waa made 
^ 0 ^ an electrode of a aimpler and imire I'onvt'ineni Ivjkv Thiji 
depondod on tJio prinoij)le disiovercsl liy Mirhavlis 
ga^kfPt. Zntich.^ 1909, 18 , 319) tiial a larefuUy clean vd ami 
^IkAeuM jdatiinim wire saturated with hydrogen ^nd place.! in a 
atmosphere so as just to Kmch the surface of a solution 
into wtuilibrium wRh it irnmeiliatelv. The actual form nae<i 
Ivecn recently describwi {/Itorhrm, J., 1911, 8, 131), 

It \*as found that the potentials so ohiained dilTer.vl vh!om hy 
j,,:re than 1 millivolt from those arrived at sul'WM^ucrnly when the 
elaborate and more accurate instrument was emplMyc!. The 
trdrfen purified in the usual manner and found to he free from 
^rw:nc pa«e<l through a Hichardson wasli flask conlaiinug some 
if fluid under invesiigatioji before entering the ijydrogen 
fhf:tr'>ie ves«el. 

Colo fur I Klf ctrtxlffi. 

Four 0 lO,V>calomel elect rtnles attd fotir s^ilurateil ehu-t r<j<]cs were 
if^|Kue.l at different dates prior t«> these detenu in at inns with the 
fKiil precautions. Of the eight calmnel li.alf rh'drcxles one of 
di? Mturated electrifies (.1) gave evidence of greater stahilily of 
f M i\ til an the other seven. 

Method of Workntfj. 

\ Si'e'c the Jjotential arliially measiirt'.! liy the [mtent innirt. r is t he 
bo .if three jwtentiais, every endeavour was made hy auitaltly 
independent measurements to arrange that tlies.. thn^i 
^i'^nlj.ils should h& subject to independent examinalion ami criti 
For that reason three sets of measurements w'cre made. 

I '’y•urrwrTltt of E.M.F. heturru the 0 lOX ('olomtl II oJ f th ctn^deg 
and the Saturated II alf’rlrrt rude A. 

Tlie a.^iurate<i half-electrode A was clio.sf*n ns a sUndanl 
? .jghnut all these meaRurements l>ecausc‘ previmis exfierience 
^ aJicwn its stability. This can proliahly he attnhuterl to the 
». *.^1 of crystals of potassium chloride w)ii<ds liar! settled down 
aver of Calomel and to its nine innntbs' jirevious use. Its 
value, roferre^l to the four O' 10.V.<'alomel electrodes prepare.!, 

' 'h-f^nninwl from time to lime, and it wmr clierked agiinst one 
’j'om of them once or twice a day. Tliero was no evidence that 
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it Tari«a in «lu* mor* than 0 10 miUiTolt in nthtr direction a.r ;. 
the conrw of the* meaeuremenU. 


A-2^ 



JUy 28 

.. 0-0SW4 

.. 0-0jwi7,p 

lUy 30. 

f>0884A 

().0t»75 

O08S56 

June % 
0.08830 
0-08860 

0 08870 

tkfMvyy 



*/;' • 




.. 0'(>8851 

008859 

0^08854 



The the cell made up of a theoretical O lOA'ca'ca, 

liaUelcctrocle contiecle-l to the individual saturated haheiwtr.j 
( V) by means of potassium chloride solution saturatesi al h , 
thetefore Uken as 0 0835 volt between the dates May dotn u.-, 

Juno w-itd, 1^1^- ^ . I au • a 

Tlie iti tlie «‘lectrome>tive forces given by the -ii.r:*,. 

10 V f elertrodes can only be attribate<l to tlie fact tL.: 

wt-re inado up at fUflerenl times from different samples of ii,.: .n 
I.irrrurons chloride, and poUssium chloride the punly of 
have lieen al«ohUe in some The figure.. 

,l„<-ordant, demonstrate fully that the h.M.l'. of the a. 
hnli-electrode .1 was throughout these tneasuremenU 
That the value 0 O88.o is prohahly correct withm 0 10 nm. i , 
siiiri'estivl (1) by ttm measurement of the hydrogen po '■ m.i, . 
-srandard aeCate ’ fO COlOl, ; 

tl.at of Sorensmi ami Koefoed, and Michaelis (0 6045) ami : 
the measuren.euL of the same solution, to be descnberl >n a-.. 
Diner tit^iiiu'it a 0 lO.V calomel electrode of an improved .tn.i , 
!,;..«r,a^ype made from specially piiriru.! materiaU (Ohoii ^ 
hi all the above nieasiirements of standard acel-nt . 
Ujernim rsf-apolalimi was applied in the usual way. 

meets o/ I>, </mf », t/i' K.M.F.'s 0 / ihf f’rf/s mM' 

(/„ //„/ro;,ro //„//ofrcfcm/ts „nd ihc XnturnUd 
A, mif/i J'i'I'itsilim chliirnlr juihilinii xiluriilcd nl 1' 
nfctiinj flitui. 

The paifins of hydrogen electrode used have “'''Wv " 
dwrihed. The connecting fluid was in all cases s>!-. v 
potassium chloride solution mainUined at 18°. On actin'.! o. 
btraoriliuarily small contact potential between tl.CM' 
mixture* ami s.iliirate.1 potassium chloride it was not 
tak ' precautions to renew the boundary for each ohservali- .. • 
in the most accur.ate determinations. The correction for t..: 
pressure was applio<l. 



MIXTURK op acetic acid and sod 1 I'M ACKTATE ‘^5()5 


ifiif'^rfmfnU of tkt Uifffrrncf of Con tar! K M,F. /Ar /)r.u?i- 
Jari<* (*^Uixture | ChUiruit) atui Mu 
iuft "\^ tilii PoUl4tium Vkloruir) for rach Arrttc AnJ-Acrtatf 
M’lfore Pxamined, 

the sidfrUiboi of two saturate elet'lrmies nwA 'Mi) i,]dc^U 
in the *amo waUr bath mtu two aznall beakera» 

cx^Dtaituug 3'53r-potaaaium chloride aud the other r75*V potato 
,js chlorido. These solutioiis were hriit. bridged across witli 
tS.V potASsimn cliloride solution in a glass tube. 

A» the cell U symmetrical, the A\i/.F. sliuuld be aero Tt was 
tiisliy about O'lO millivolt in the usual case. Then, instead of 
»:!jg T 75 A •potassium chloride to link across the l‘7hA- and tlie 
:..V |>utaaaium chloride solutions, the liquid inider examinalion 
ii ustd, snd the second K.M.F. riHidiiig taken. The difTereme of 
two potentials (4), due regard Wing paid Ui algebraic sign, 
iiibeu considered lo be the diflusitui }>oictj|ial of the stilutioiUfi 
ifstion against 8aturate<l poUssiuin chloride solution. 

At this juncture some remarks may be made uIkjuI tlie measure- 
^nt, in two ^Ages, of the cell indicattsl diagninimaticRlIy in tlie 
[f Auction of this paper. Tiie circumstances which suggested this 
-^lure, and the results in practice, tend lo show that if anything 
,*^rfer of measurement was thereby reductul. Jt certainly was 
t mcrease<l. 

In the water-bath was a small vessel of s;»turatcd potassium 
:-ride sfdution, and into it dipjjed the side tuWs of the siituratod 
^noMie .1, a OTOA’-caloniel electnale, and the hydrogen elwlrode 
Ruining the fluid under p.vaminati()n. At lirll three readings 
•fr aUiiys taken, that is, the hydrogen electrode against each 
electrode in turn and the calomel eltylrtKles against each 
n. In the case where the fluid in tlie iiydrogen electrode has a 
» ifjfcific conductivity the first two measnremenU were fatiguing, 
i through any minute accidental electrical leakages of the 
yanlus correspondingly inaccurate. On the other haml, because- 
•fie low resisUnce of the resulting cell and tlie use of tlie multi 
shunt in the potentiometer, the measurement uf the two 
riectrodea against each oilier is always of a high order of 
-^riry. It was therefore quickly discovered that, on account of 
t accuracy of the potentiometer exot^eding that of any measure 
made with it, one of the three measurements was superfluous, 
‘'direct measuioment of the hydrogen electrode jjutenUa] against. 
lO.l calomel electrode was the one difw-arded l>ccau.se it was 
involving the higher resistance ; the substitution of the indirect 
f which in the case of goml con duct ing Rnids always 
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..leufcal r«ulu. when th, ^trod. .. 

LtBl for iU variation from the mean value of all the 0 10.\ ca.«,, 
lUrodee, wa, f-referre-i. Although in many ca». Uie 1...,, 
taauremeuu agai,«t tho 0 10.V<alomel eli^e -ere made u,, 
.,ie«l..-a! reaulw, for the aaho of uniformity and Bm|.h.;„ „ 
exolanatioa the re«iUs are expreeaed in the form here given. 


llifficultift in IJiffution I’otenlial ifeaturtment, 

W«l {/>■«. Karlsruhe, 1905), Lewis and Rupert (2 A... 
Ch^m Sof. 1911, 33 , -299), Cumming and Gilchnst (/r . 
r„riid,i!f So’,., 1913, 9 , 171), Bjerrum (ZriricA. KUktroehnu , l.:; 
17 and others have shown that the difference of [Me:..., 

Isitweeu the two sides at the Imundary of two dissimilar ele..,:..:-,a 
sidutions depen.ls on tl.e amount of mixing at the boundary a- 
the lime for which the boundary has been formed. A convou 
,es.,ms U, tie ieilahli.she.1 that in order to provide daU for ce.yan 
live ineasurement.s these potentials should measured r ; , 
freshly prepare.! boundary in relation to which no special pro... 
tioiis have ticen taken to avoid mixing. 

The author h.is found, using the arrangcmeid, dearii,,i 
I, ■.TiU.’,, that r.-adiiigs varying from 3 5 to 5 5 niilliv.,:W , 

Iw 'observed in a lew minutes if the two vessels containing 1 . 
potassium chloride and 3 5.V-potas.slum chloride were linked a; 

,, USUIS of a tube eontiiiiiiig 0 ID.Vdiydrorddoric acid. Consider. ■ 
experimeiit.r with thi-s arraiigeiuenl only le.1 to concordant aiM . 
sistentlv repri ducible resull.s with 0 U).Vdiydr«.d,Ionc acid, . 
instea.l'uf a co.i.iecUng tube, two tapes were led down, one .r r 
each potassium eliloride vescel to the opposite sides o a v* 
.ontaiiiiiig OTO.V liYilruchloric acid placerl at a lower level, t 
be that tins arrangement is the experimental roalisatiun m 
■ „l,.al frcslilv preiiareil mixer! boundary" of Cumrauig. ■!' 
Ii.u.muis, ihe'diffusion iiotontials of the two series referre,! t. : 
the ii.tr.slnctioii to tins paper were so small that the vaonw 
were the same whether glass tubes or Upes were used, th n- 
other hand, s.ime other sohitiona referred to later— an cxteioi. ■ 
series 2— -ave values for d which could not be fixed with tne .w 
orrler of accuracy, and hence in these cases the values u! c * 
inhle 111) arc priiite.1 in italics. 


y, X j^rrrsf^Wn of 

It was desired tx) place oii record two A’.d/.f.’s witli r. 
each iW)lutioh exsaminetl: 



xiXTUBBi OF *crrtc acio and sdim m acetati; irioT 
(1, n» SM.F. (I') of the wM: 

lli II,. " si'luSiuB ■' : si'utitfti Kci 0 I't.v I.C i.Kj.,, i || . 

Ttie EM f' (E) heiug tlie potemial ,.f liie liypoilielL] eell : 
I't I II, "nolulioo, 0 iO.V Ki' Jtv.i", llj. 
nta which thecouUct poU.nt.ial at tlic lK.niia,irv of the ' 8.ilutioii ■ 
,,i U'.V.poUssium chlori.le has Uvn hv Hi,.iru.»-s 

itrapolation method {Znltr/,. h:hklr»eh,m.. lull, 17 
A ....nsidenition of llie cells „„licatc,l Udow will duiw at on.v 

''-I'.oorn 

A'-f'+UtiSSh-,/ 

ll !, .®um«i that no differeure of poUnlial exista 1 k-Iw„.„ a„v 
ui the three solutions: i rs.V poUssiui,, chloride, 3 S.V ,.,.|ass 
chloride, anil pclassiuni chlori.le dilution s-ituralcl .at IS* 

1 I !, and that the small iijjknuwii dillcicm,. of |)olcnii,(l l,|.i»,.,.,i 
i..,V-,a,tassium chloride and .any one of these soh.lions is 
,„uut value X, a quantity which it will he schmi cancels out in 
Ui fw|aritiuiis abovti : 

- X 

Hj, •' luilotiott '■ ( Mtun’nl K<'!, Htr. K. .\f.r /’ 

.V /■ y 

vilunttt'tl K(’i | o lu.V-Ki 1, f j f, 

X t) ,/ 

Hj? ; Mtur4ted KCI j J -‘suluti.tii ■’ j i 7 :,a- K< 1 I 

.\ 

.V r )■ 

ri ; '‘holmtoa’ j J rr.sV.Kcl | 0 lO^V. K( ’I, II ,( j i/ /; 

If' r }- 

i'l ' It,, '‘dilution" j :f50sV-K< i .j lO.V. K( 'I, lit:/ ) \ u., y )/ y y 

. 

H,. ‘wilntiujj” { Mint tit..! KCI I 0 OI.VKCllI- f). | || .. /; \f y y 

l«- E\ir. (?;) of the hyjmlheliial .ell X», 7 ahove, accord. no 

I'j^rnitn s cxtraj)olntioii nifthfKi, is l!//' // ; ^ 

“II ~ . J- ij, 

fr(jm tho e<ttiatioMs above : 

v 2 y i V v; 

y; r/'j./ 

= 4- 0*0885 -ty. 

to ^y, equations (1) and (2) hoM. ami llie mHi, o.l of 
^ «jf‘rruia 8 extrapolation nielliod maul in these rnoasure 
^..wan differ in no way, in tlie actual result reached^ fn-m llial 
' and other workers. 
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Sertet /. 

Acttic A eid-Soiltum Acttate Jdtjturei : Totai '‘Acftutr 
it 0 20 ^(/rmal. 


Ill order to prepare eacii »olution n c.c. of *V-Acetic acii 
(20 "«) C’ c. of .V sodium acetate were mixed and dilated to ltx> 
Where o or was ainall, suitable precauUooa were ukt; 

measure tlie volumes accurately. A comparatively large vclcrr^ 
the normal s^^lutiou was diluted ten- or one hundreddoid, .m,] 
or bund red tirnee this volume taken. The results ot 
iK^'attiremeiits ut I ami d lur these solutions are given in ulv 
Figures in brickeU are obtained by extrapolation on acvur*; 
{M|uared prt|Mr. VVdicre more than one incasurenient is giv^;. 
reeulu are from different preparations of :V sodium aceui^ . 
.V-acelic acid on different dates. The particular mixture In c 
.V acetic aciilrM c.c. of .V -sodium acetate diluted to lim . 
■' staiidar«l acetate -was measured whenever an electro-:« , 
re- blackened or new standard solutions were prepared. Tii^- • 
sistent rertuit (/' ? 0 0v^8>j - O U047, which when corrected ftr 
sion jwtenlial Ijecomes O'GUdG, is in good accord with the o 
result U GtMo, wliich is tlie result for the same mixture as 2c: 
niimxi by Sorensen and Koefoed and by Miciiaelis. The 
re|>etiUou of this detertnination was adopte*l as an addiiio:i.il ii 
guard against the err(ii » wIlioIi are apt to enter into dcterniiiitv. 
of this kind. 

Acconling to the theory of mass action applied to the 
<liss(>ciate*l acetic acid the relationship 



should hold; and it is iEjLercsting to examine over wl)at r-trs*' 
ratios of acetic acid and sodium acetate the hydrogen j eUf'j. 
against the O lO.Y calomel electrode may l>e calculaletl, 

To do this the right hand expression of (3) is suhsiit.iir; 
the well known energy e^juatvon : 


A. J/./'. j 4- 


A/', I 


i 


= 0 3a77-0'05771og„(^*?|^^) 


For caliMilating a Kohlrausch’s conductivity measurcnaii'j 
I'O used, and I8'83'I0~*^* may be taken as the dissocial i'.;i « ^ 
of acetic aod at 18^, Sorensen’s value for tji at IS' ** 


• this is t puu'Iy arbilrary value choseu so that llie lalculalc I ^ ^ 
staixUnl R 'l'i.vtc” >vill iign'e with the obseived vultt.*, 
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mnrtmts of Acrric acid an-d .odicm acetate, is,, 

Joined. The cal..«U,«l a.vnr.l.n. ,1ms ar. 

m colamn « of table I. The .bffereM. e be, wee,. ,i,e Mbservri 
.,loeA .ndj^e clculated values es i,. 

«ot be »n,.dered that these are errers ,,e,e,.,ial .leter- 
aMualions. Their iheoret.eal sisnille.,,,,-.. is e.,„„ee,e,l will, ,|m«, 
,„, 4 .ie,M m eonnexion with wlMeh these .„ea.su..e,.u.,„,s were undet 
,,ieu. As a matter of „.,eresl la- here rehor.hvl that i„ 

*n« I the values of A tor those solu,„.„s „f ,u,„pos.„o„ hetwee,, 
(' C\ R«tiA> , 1 j 

eoOTi.V (H»25 0(«!l 

etmv 00060 323 O 2 s,,o. 

Rsy Ix’ caleulateri with a„ error Met e.ve«..l.„p. f 

<«liiatiDU (4) above. 

In .-olumiis 10 and 11 are ealettlated, fro,,, the „l«..rv...l /' |/ /• ■, 
rotreetesl for diffusion potential, the hy, Irion eon.-entratio,,, a',,, 
the hydr^n-ton coeffinent (I-;,) ,>„ the basi., „:U 77 

tVitl. reprd U, the value „f A for pure .sod,,,,,, ate it has 
lee,, ealculated on he has.s of 0 tH,.S per vent, of hvdrolvsia (eont 
:areUalker, 32 , pis,. Vhe la,-,,,. 

: Irrence between the e.vp,.n,„e,„allv deter„M„e,l values of A' fur 

two sample of pure so,l„„„ acetate eva„„„ed has alr'inoly 

OKU*.! (p. no .). The ,l,s,.repa„..y betw.x.,, tines.. ,|e,..,„„„atio„; 
od W.e calculate, I value of A may be at,nb„ie.l ,0 snnilar .-auses 
•U the other en, of the sene., ,l„. diver,,.,,.-,, betw,...,, ,he cal, 

c.el and observed values when the ratio (' (" -(.,.-5 

•■once 1 « attribute, I ,0 the incorn.Cn.ss „f one „f the' m'i,,i„al 
«a.p„„n. i|,„ ease. The total |Ac') ,on,.,.,„ra,io„ h,,..], 

^.atrons no longer represent,., I with sulli,-i,.„t approxin.a, by 

r„e ...agnilude of the .lifreren.-.-s ,-o1u„m, It of ,ahh. I su,,,,„aia 
_'-u,l, for an expression winch w,ll .■,.p,-,.s,.„i still more men. 
oxy the relationship laitween the hydrion con.-enlration Ijn ami 
■• y-upos.t.nn of these acetic aci.l smiinm actate mixtuU 
vW may write first of all 

^„.]_^a„iiia,.) 

[ Au' j 

'"‘’'■^d of [HAe], the concentration of the nmlisso, ialci aceli,. 

^'-d,st.tute.l (C-(l|-j|; and, as an attempt at exprr.s, 

■ i m terms of a, C, and lirj, the relationship 

(Ac>.aV + [irj 

«' » the value » applied, not to C' (tl»e roncent-ration of 
^fore, but, in accordance with (Mwald'a i»o- 
pnnciple to the acetic-ion concentration [Ac'J. * 

H A 2 
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Ttmeon.i,!eU.I formula 

‘ + 1"’] 

The aolution of tf.ia cq.ialion for (U‘] doe* not give a 
exo lion, and, a, llfl ia a .n.all quanlity, .U occurrence ,n u. 
Tu , crater and denonunaior of thia expre^on » 
lift uudUturhed, and tl.e caladaltou performed by the methoj ,■ 

into the expre^ion - lU-)) 

wldcf. ia e<iual to tl.e value of p corresponding with a sodium aceuu 
. ,! " I ** \ iu Kohlrausch’s tables 

concentralioti 01 [ j 

K„„„ the values of [H'j so calculates! the values of K .> 
bv n.eaus of tfj nation (4). 

Examination of equations (3, and (6) allows that when C. =u 'u., 
former Ueon.es .ndeter.ninate, but the latter simphl.es m -.e. 


Table II. 


C- 

eonctHitrittitui 

ui 

ftctflic 

000‘:5 

n-ooTs^t 

oul 
tvu'i 
« u:i 
n-oi 
o-u:i 
im\ 

IV tm 
D-ID 
tv 12 
IV U 
Olli 
U-l!l 
IV ISA 

0-1 m> 

(VU»2 

o-iy-t 

tv 19a 

(vion 
0-197 
(Vl9,s 
0-199 . 
0-200 


K - obtk-rvwl 
H.M.F. 
dcciuonnal 

t-tArriicUnl 
for (litTuiiioii 
jxjlt'nliitl. 

0-7 

tVBDOl 

O-OSAS 

0-0778 

0-0593 

0-0478 

0-0393 

0-0318 

0-025(J 

o-ous 

0-tm6 

0-.5947 

tV.’>S4l 

(V,5712 

0-5525 

0-54.5tl 

tv 5348 

0-5290 

0-5225 

0-5193 

0-5155 

tVSlO') 

0-5057 

U-4995 

0-493L 


E calcuUtwi 
by equations (6) 
and (4) above. 
0-7132 
0-6955 
0-6851 
0-6776 
0-6590 
0-6475 
0-6389 
0-6318 
0-6256 
0-6148 
0-6050 
0-5953 
0-5846 
0-5718 
0-5526 
0-5455 
05354 
0-5303 
0-5240 
(V.5204 
0-5163 
0-5117 
0 5062 
0-5005 
0-4943 


calfvilttnsj a: i 
obnt-rvt-il 
valiiCi*. 

4 tHKH'i 
4 OiXwS 
IViNN'5 
LlVfNNtl 
. 1MM.2 

_ 0 ihn»4 

.. ib(WA»3 

- OfNN*! 

... 

ibiniU 

- ft.lN'i’ 

- iV W*' 

_ OtKfii 

^0 wJiJ 



so„a.. a,. 


Til# n»ulU of Ming eqiiationa (4) a,„i .g. , 

potentials of acetic acid JJ , ‘“'''"lalJug th« 

ihf<.i Kl.V-calomel electrode are given i,, . i f ">i*<iire* against 

Y.IU> lor a .n,| u., ,„ ;J; ‘j ; a.l,|. 

Au expreawon baaed on the law ttf ... 
i«„ found, by which the EJf.y.-^ „f t)r'“o*'>,Tv 

of acetic acid-«Ofiiiim ‘ e “ •» toUl ac<M«te“ 

.vuntcly. Th. observed values fir the rr':;;';''’ 

(■ C 0 039 differed from tlie calculated value I !' ‘ - 

1 ,i millivolt in a single instance ' ^ '* «f 

It is not possible at present to go vet funi.ev , ■ 

:,,e ngmficance of these differences and their oral"' I "'''‘"'‘fi'"'’ 
a* .e pa» from one end of the senes to l .e u i"' 

.«ru.uty of the dissociation of sodiuu, ■ ; ^’d ff' 'I' 

.•.lattonst, greater than ll.e oalculateil disc-repauci^s 

SrrirA //. 

I Aeki^odiurn Actfofr Sarnum f'liLn / , 

A cetatt^ 0-20 Xormnl T i f r * lotaf 

fotn! Sodunn 0 ‘JO XormoL 

K.rlt Mflution was prepared by atidin. ,, ,, y bv in- 

of -Vsclium acetate, a.id diluting li 7 
oc. niuting tJie mjxture to 

Tii^ n-sulta are given in ubU TTi ..a ■ i ■ 

sinm.lar fashion to table I, neeels litlle"fu'rtr"''' "i 

-n=>n 1 are given the valued of •^•'I'lanation, I„ 

-t«,i,„us of the resulting miri’,,™ ill le,'17’lf'’’,^’,''’ 

•::au, aeeu^ sotliun. chloride, and hydrochloric a d ^ ’ 

t,y luildnglv.a'ce'tl^ p " Pro- 

'■irHiloric acid or V ' ‘'''''"'‘'’o ''’i"' either 

- Tile greatly increased at^acTtrin:::;;:!/'?" '"T 

-^‘■■ear from the explanation otf p ..oi/ Procedure 

;:7;-ationswer:r';:^s;::r:";;:;;^^ 

“-ii'nn aceUte hvdrodd" acetic 

I y c done acid, and sodium chloride. The 
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MIITUHES OF ACETIC ACID A\D SOOU M A( ETATH 2515 
«miAWntto wi.lun a .ni|liv„U or Iwo. W.tl, inorra^n.. 

„Knrn« tl« dr«r»,;a,-,c,es .liffor.n. drlormi,,*" 

!«*». Thu coastaat re,>,.„„o„ wa. ,„,.do ,,o.«l,lo by tie 
the jailer an. more r«, , idly workiuy .v,,e o/eU-t.-.le T e 

|»int* were afterwards rlieoked bv the l.r... i 

I,„ 

,, arav.er type. They have In-en ut.bsed bv .\|oHai,. ^U ) j„ 

f ">« I u.t 

Ml ml r™ from 

.aea.Idmon of 0.0.\-a„<bum chlor.de to 0 Ihl.V-Hrel,,- avid'e.lber 

1 ! or 16 milhvolu u a.-coonfed for „„ the prlo, i,,!,. ..f ism 
„,dn,.n, d.pe,,d.ng on the di^miatio,. data assumed for l.vdio- 
meru- acd Thu would leave a .sn.all but .leiinu,. .„ere„«, i., 
soduy of 18 or I 3 mrlhvolta to la- asenb.l to an enhaneemerd of 
aedrsaociatton eollaUnt of acetiv acid by the sodiuu, chloride 
.At other iKunU the series, although .-aVefullv esamine-l, ,„av have 
:,e or two error, up to il ,, ,„dl,volt. ai,d c„„n,„ claim the 
d,er otaler of accuracy ,,ertaiuiue to aer.es 1, wh.ch wa.s iueeati 
:o«l later. Th^ reaulla placed itah.-a were obtaiued at the 
..-.aiencemeiit of this mvesl.gatiou. uiid, uuforluualcly, through 
od nf tmte, It was tmposs.ble to check the,,, afterwanla. Thty 
.•o.y ,K,«,bly be tncorre.-l by several u.ilhvolla. The .liffuaion 
Oteaiul, for titeae detenn.uatioua are also open to susjdci.m. I 
..re ,nclude<l them .solely lua-ause ,t is of .nicrest to trace the 
cane of the curve complete from o t„ .. p). 

/)<«!/rammatic /feyrroebd,,,,, „/ s,ru, / 

oitfl // (Fi^, 1). 

le Kig. 1 are show., two curves, of winch the upper .„.e e,sprcsscs 
^ e relat.ouship hetweeu the r.gure,s i„ columns I a„d , 

.■e curve conuecttug the calculated values i,, column 3 of table II 
V . the values of 6' in col,,,,,,, i n,,. ^ 

• lus uirve that in the reproduction it cannot le seen Tho 
•c: one expresses the relationship la-tween the c c. s of .V hvdro- 

^ Ce«lV'^'‘'‘''T‘, r*’ 

■•>r ial 7®, ' f"">- "'rrected 

; ■ . .al agatust the O lO.V^alou.el electrode of a hydroget. elec 

>' -te u, eciutl.hnum with the dilute, I .solttliou (.see table 1 1 15 . 

•H c< uj Til I II > If- fold Dihiliofi oil Ihr // i/driii/ni Totriitiid 
of SfduitOfot in Srrffn J ,nul //. 

J'2 t'e T* "■i-'fr- '■■.ulaiu. 

of acetic aciH, the hyrlrogen poleiit^al of fill the 
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«lutiou« d«lt with i» thu p.Fr '= 

Fie, 2 a curve is plotted demonstrating the relattonship bM»„s 


fio. 1. 



thit of K on dilution and the compositioji of i:e 

mixture ddutrd. Within a fraction of a millivolt the rit;ht bt-.- 

Km. 2. 



;lii n 2^ 21 20 16 12 8 t 


Cotnftosih'on of mMurr. 

half of this curve serves for both series. As ordinates .tr.’ 
the change of on twenty-fold dilution, amh as al^.« 

numbers reiyesenting, as in Fig. 1, the composition of the soiai- 



mixtubss or icmc acid akd sodium AcmTK, %M7 


tB FoinU A aad J?, repres^iitiog Ui^ ohaug« v( 

ioT diffusion potential, on twenty fpKi dilution, of O 'JOT' 
»dd tnd “standard acetate” rej»|>et-tjvely, have been deter* 
gsojed highest possible acx-nracy, using special electnkles 

is\ A silica electrode vessel. Tlieae forrn part of » serivs of deter- 
&jEi»oi!tts to be publiahed in a later paj>er. 

jj will be teen that tlie rough statement that the hydrogen 
u*enlial of acetic acid-^cetate mixtures is in(ie|>eiulent of dilution 
5 i«M* rigidly for only one particular ai'etic acid acetate mixture, 
juii is ''’ifb the exception of solutions apjiroximating in comjmai- 
to pure sodium acetate, more nearly correc t for s<dutions that 
jy# more alkaline than those which are niore acid tinui ’slamlard 

(Cttate.” 

Thf Khctromefrie Staneifirffimtioit of Stnltum Acrtofe. 

If I’O c.c. of JV-hydrocliloric acid and 20 c c. of iV scxlium acetate 
iff mixed, an error of 1 in 1000 in the relative strengths of the 
ivjrothloric acid and sotitnm acetate solutions, or in the measure- 
of either, would produce an error of O' 94 millivolt in tlio 
‘/{fiili*) reading of a hydrogen electrode in etpiilibriuin with t)ie 
felatian. Now this mixture, if the measurement of the liquids is 
Oiwretically exact, is a solution whicli is 0'2n.V wiMi reepect to 
Uth sodium chloride and acetic acid. In spite of its sensitiveness 
tortrong acids* and the salts of strong bases and weak acids, it can 
h* reproduced readily with great exactness from pure A' sodium 
;h!orifle and A^*acetic acid, ami, moreover, since 

[H']^ ,,/it„[UAcj= juc-[\riu 
i error in the concentration of the acetic aci<l will liavo a 
smaller effect on tho hydrion concentration of the sfjlution. 

Tiiese facta have been made the basis of the method em]>]uyed 
' prepare .V -sodium acetate wlulion. I h.avo adopted the defini- 
n ' Normal sodium acetate solution is a solution of pure sodium 
tui*' of such concentration that wlien -0 c.c. are taken, mixorfl 
iih ih c.c. of /V-Iiydrochloric acid, and diluted to 100 c.c., the 
t<>titial of a hydrogen electrode in equilibrium with it is the same 
I tiiat of a hydrogen electrode in equilibrium witli a solution 
.X* normal with respect to both acetic acid and ivodium cldorhle.'’ 
To facilitate the preparation of normal scvlium aretale in accord 
with this flehnition a small ])art of the lower mirve, of 
: 1 is reproduced in Fig. 3 on a (lilTireut scale. ’Hie 
i >s have l)een taken, however, from column fS, arid not column 8, 
'4 «e therefore the direct results obtained against tlie decinormal 
when the connecting fluid is saturated j>otassium chloride 
The rapid change of E.M.F, with the comjr^sition of the 
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Kso 3- 

0 5 « r . - - - 



ou J 

V, 

0-42 ► 


C’.r, '^■ifyi.irMyrir o.'id nddai to '10 e.c. 
of (iCf'kU^! <iH<l ddnUd 

100 f f. 


folution in the neighbourhi> : 
of ■ 20 cx. of *V-hydr<xhl r- 
acid + 20 c.c. of .V^'kIiui- w 
late diluted to 100 c.c. u 
once apparent. The cur.f 
here a straight line, a[. i • 
correction for I per cent trr r 
in adjustment of the k . 

lions is 9'4 millivolts. 

To illustrate the raeth'^4 
ployed to determine tlip ; 
concentration of an aprr i 
mately uoniial sodium 
solution an actual exaiiu Ic :ui; 
be given. 

Twenty c.c. of hv Ir 

chloric acid were mixtMi ^ - 
20 c.c. of the soflium a-rtiv 
solution to l)e slamlirLs. ; 
and tlie mixture diluted \>> ! ’ 
c.c. This diluted soluliofi srA-- 
in ec^uilibrium with a Ly i-.- 
gen elect rotle, 0 v 

against a O'lO.V-calom. ! ; 

t rmle. 

Ueferring to the curv^^ .■ ^ 
seen tliat the ratio 

(cftTira iitration of ^dttu hli t;<- j = 

(coucentratioii of bolIiuiu a >u'..' 

is 20'20/20'm). Heiif' ■- 
concentration of the s- 
acetate solution i> 
and in use, whenever 
volume, say, x c.c., oi 1 
so<lium acetate are 
there must Ije tneasurri * 
X c.c. of this sclulc n : 
x c.c. of the same !uJ;' : 
times diluted. 

As consecutive . " 

measurements ol tlu> - 


mny Iw ni.ide re.Ktily, with certain accuracy to a Ira ! 
millivolt, lljia metho'ii of stamlarHising sodium arctata 



mixtures Of ACETIC ACID A.Vl) m ACETATE. 251!) 

I.* tnmed to th» extreme limit, of ,.re.i,io„ of volumetric 
^uremeut aa crdjuanly applied. 

Throughout *11 the determinations in tin, work the normal 
rtindard acetate solution us«l was adjusted to an accuracy of 1 
,, iiMi in accordance with the electrometric deiiu.ti.ni itiven 'above. 

The fee pm, It, v„ „/ ■ .s'r,„„/„r,/ .|c,f„t, ■ 

There are now available two methoil, „f ,,n.,,a,ino - standard 

,!) From .V-a^iutn hydro.vide .solution fr.v from carbon ,l.o.vi,|e 
.).acefic acid adjusted by a .sutlable titration (usi,,,. „henol- 
BO as to be exactly e<juivtilt*tit to it. ^ 

• fit From .V-taulium acetate and .V-acct,c acid adjtisled by a 

ntratic. of a bai^ta solution («..• 05,111, the streiiKtl, of which 

e known exactly in terms of the .V-hy,lro. hlorir acid solnlioi. iisrsl 

standardise elcclrometrically the normal solution of „„|,u,„ 

irfUtc. 

.U the accuracy of the hydrioti concentration of the standard 
wrtale solution deiiends to a jjreater e.xtcnt on the e.vact eotiiva 
knee of the aniouiits of sodium acetate and acetic acid iiresmit 
tun on their absolute amount, tl.c relative accuracies with which 
.i lirdrochloric aeid and .V-sodtum liydroside can ,,re,.ared is 
Siuestiou which does not enter into these consideraliona There 
not ajrpear to be any evidence that either of the tnethods 
,h or ,2) above 1. the more accurate, althoneh for the nrcnaralion 
It t «*ium acetate sohition itself the second metiuni is to be 
erred. 

la table I it is ^en that the mean of ,|,c hydrogen potetitial 
r^-snirements or C^tfO.S and I’ 0 12 

of the Mine value frr f (MO, j,, ■ standard 

otite In other words, tl,,. upper curve of F.e 1, which repre- 
tiiese mcastiremcnt,, is, betwmui these points, a slrai„ht line 
A V., It will be shown tti a later paper that the chanoe of this poteir 
■ *. r«„itnig from a change of concentration of standard acetate " 
‘^atioi, the ratio y is ex.ictly logy 1 volts. Hence, if in an 
oria.a to prepare "sUndard acetate" one sidntioi, be measured 
— tar-oretical accuracy and be of exact normal strenglh, and the 

• T «. ,r |,er cent, incorrect either in it, standardisation or in its 
rawment, the difference of li.ydrogcn [lotential in volts between 

-i* r 'T T """ mixture and that of the 

H-anciard acetate’' will be; 

Z' 1 00 4- ar/2'\ 


20 


^(0-6U8- 


% 




100 


'■'mice of algebraic sign, or will depend on wliethe. 
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tl« incorr-rtl, n,«»r«l elution ta th. «.dium .crtaU ot 
wrtic »ad. and whelUer iu rtreogth u / per c*nt. greater th» 
or t P«T normal. In praciica, howwr* the 

hana part of tbi’* expr««ion may be ignored 
^.en 1= 6 iu value only reacl.ea 0 05 millivolt, and the atete.^f. 
made with all practical accuracy llial »n ew “f * P“ ‘“la-i* 
the .undardwtion of either Kilutiou or iU mM«treme,., 
l«d to an error of 0 51 millivolt in the hydrogen potential .i i-, 
reanltaiit ' rtandard acetate," and the relalioiudiip betwee,. 
,».rcetitage error in aui.dardiaalion or meaaunng one of ti... v.. 
ti.ma and the reaulUiit i«tential error, IS one of simple propon. 

In view of these remarks it is the more easy to acce,.. r, 
convincing exiairie.ice that with either of the two mesU, 
,lescrila.d It IS possible to reproduce ■ standard acetate with 
accnracv The m'-st searching hydrogen potential measur.-n.ra 
can barely detect with ceruinty differences between different k. 
ciarations of this sdiitiun. On this account and l^au«- c n, 
very small conUct potential (which connotes a negligible 
charig- ' ) aaalnsl potassium chloride solutions, Michaeliss rc - 
mendation of it as the most suiUhle solution for ■ ■ 

working of hydrogen eleclrmles can lie confirmerl. It shoiii.!. 
course, bo reruemU>red llmt the .V-acetic acid soluUon and the loa-.- 
acid from which the .V-sodiiim acetate solution IS made must is 
known purity. 

S'fi mmartj. 


Tin?- foiiUit K.Sf.y^ W*twei?ii acetic acid &odi urn acetate 1111 X 1 -. r 
and a potasaiuiu chloride solution is of tlie order of O iO n.il. •. 
Hyilrogen nieasurements, corrected for thia small pottsiti, 

difTcrenco bv It jerr urn’s extrapolation methotlp have been u d i- 
u series of tlieso mixtures against the O iO.V calomel eh. ir... 
With these have Ikmmi compared the calculatea results ohmiiK i . 
the well known eiK^rgy relationshiji and Felss original equal i^i! i' 
the introfluction of three rational corrections to this equate m. 
of tfiern based on the principle of isohydrisnip calculate<i o-. 
have l)een ohtaiiifd agreeing with tliose observed U) willuji 1 ' 
volt or less over the wlmle range from pure acetic acid to a n; ' 
containing tliirty two times as much sodium acetate as acet.>' - 
The original equation is less accurate than the new equal - - 
solutions containing much sodium acetate* and is grossly iiiif'-- 
for mixtures approximating to pure acetic achl in comp • > ^ 
For pure acetic acid FeWs equation is indeterminate* 
new equation simphtu's to the correct expression for the 
concentration of acetic acid in terms of its dissociation c^ - 
and its concentration. 
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A ^-ond »riM identi«,l wiUi the first, excepting onlv that 
rhionde wu present >n eoncentraHu,, „,iul (u tl.e acetic 
been exanunwl. 

|^,.rmin.ti^ have al« b«.. n.ade of the change of hydrogen 
j,:^eri!!al “"■'«» of solutions on twenty fol,l dilution The 

,.,ieu.ent that the hydrt^en potential of acetic aci,i-„n»tat« mix- 
taw is independent of dilution holds rigidly for only one particular 
..eticacid^Ute mixture, and is, with the exia-ptiou of solutions 
tni-tesiHiaUng in composition to pure siKliuin lueiate, more nearly 
varect for soluUoua that are more alkaline than those which are 
; n* St'j/i than standanl acetate/* 

A,, electrometric methyl of standardising siail,,,,. acetiile capable 

.teielopment to a high order of accuracy has I, ecu deyisisl „„d 
learilaal. Using this methial, the hydrogen elcctnalc A' V A of 
liie rtandard aodato " solution of Michaelis can cerlainlv' I k. 
reprcluml to within ±010 milltyoU, ami prohaldy with ey’en i, 
order of accuracy. 

tfui..o«a riiyaioiooici. l.aaoa.toHiits 

HKfc!<it Hill. s K. 


II'XXXIV,— 77ie J^i/ect of Dilution on iho ll,,,lroo,n 
l otaUmk of Acetic Acid and * Standard Acetate '■ 
Sihiftons. 


By Gkorge Stanlky Waijoi k. 

fat measurement, described tn this paper form a enntinuation of 
^work already detailed in the preceding one, Seyeral allerationa 
made in the t«hnique and apparalii., employed will, „ view 
tr.cTMse jf possible the accuracy of tlio results 
The potentiometer used w,±, made hy Tindey.'and had two dial, 

// ml ■/ »» -> 

' on the Thomson-Varley slide principle, read 0 111 volt for 
CO, , A light travelling contact of platinum, aclnaled from 

•"ariv I'l f'y * »i"' cord, prcs.-d evenly „„ two 

, placed wires. One of these wag the slhlo wire of the 

'WwaTcoL '’“IT, 

■f i'.re ,„,rT^T' at f-l'or'ncM-lecIrie effecU were 

-m' i n without the use of a multi- 

The instrument was guaranteed correct to 1 in 



2522 ir*(.POU: THK ErrECT OE DILCTJOS os THK 

1W,,0<XJ at the 1 volt, aud certainly conUined no inac, 

wliil-h could affect the* Hiea»urementa. 

Tl,e i^rfec-t insulation of the instrument in addition in 
„r«:aut!on of i^lating all |.art. of the apparatus on patal, 
Lnisheil the «ro niovenient ' of the electrometer ao con.i.«, , 
liiat even with the powerful optical arrangement employed it 
not I* detecteii On one or two damp days, however, a move„,„ 
of the meniscus coalJ let ot«erved on oi*ning the key short en. v.. 
iiig the eleirlroineter, and llie work was, for that reason, tein]i..nr. , 

'"The electrode vessel emidoyed was entirely of ailiea, and wa, rac;. 
»,e..n.lly for iheo- deter, ninalions. It was of the conve,,,.,. 



imtU^rn, exr^'|)t that tlie ootmpoting its contents wi? ’ ^ 

saturat^l solulinii of jmtassiutn clilnrid*^ was of witle Une (T :» * 
anil carritnl a full bore silica tap. This was essential in - 

low rontiudivity of stnue of the solutions to l>e exaiuintd . ’ 

eWdriHles thinnst^lves wvre made h\ blackening a film of i-l'tt.:.. 
burnt on to the surface of the hardest Jena glass. In tins 
was arran^otl that when once the solution was place<l m-s ’ 
electrode vessel it came into contact with nothing but platin ' • * 

silica. 1 

In erder to make an observation, the carefully prepared ci.r ^ 
which iiad l>een standing in the experimental Huid, was trand^ - 
to the electroile vessel, which was filled to such an ^ 

Dlackened ]>latinum surface was completely covered. ‘ 
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tl.ro„|l. ,J,e lluul for <«o.„y f,„ nouulo,, ,.„1 
, idi of the fluid for^fd out tl]rout;l, i|,e s.de tub,. ,l.«t only oiio 
,H,ni of the electro, e remained immerae.!. After annlhe^ five 
„a.uie^ dunug which hydrogen was p.isscl si„w!v, the stream of 
was slop|)^ and a reading taken. 1, «„s demande.! of every 
.Wtnde employed that it should then g.ve at on.e a .mtenfial 
.-cedant to 0 06 millivolt for at least half an hour, and that another 
,;«.,r.Mfe should give within less than ,i l„ 

,csdm? when they were tested iii the same well-eondu.tim. tlnid of 
iscwri swbtllty of reaction, for e.vam|de, standard '^arelaie," 
Kiotri.les of Uie type use,l satisfying these conditions lauild he 
fTpart'tl with comparative eas.e. 

Tiie Silica Syndicate of l.ondon. who made the silu-a vessel 
r.cdly prepare.! acme sili.-« ele.'tr.ales with j.latiiinni hiiint on the 
«iun-, but these were not So siioeessful. Ih.sslhlv this wa.s h... aiise 
.1 *as iniinmihle to lead the platinum film tl, rough the silica as 
..-I hceii done with the glass ele.-tr.Kle,. Tliev were therefore 

■ i,e! to make eoiitaet hetwe.-,, the inside and the onl.side of the 
ooirode by means of a line metallic wire le.-oling lliroiigli the 
. i tims saenfieiiig what would appear to he the oaiiw. „f ||„. 
.ai.rninly of these eleelnsles, namely, the iiiiilorm lliiniie.-s of tli ‘ 
,orr..l iiielallic pl.ilimim on which the plaliiiiini Mack is deposited 

.til hydrogen potential reading., wer,. coriecled for haiomeliie 
-cimioii. If the haroim-ter reading wa.s , mm., then (flill . )|H)|7 
. .uv.ill was added to the puleiitinmeter reading ohlaiiied due 
mrntum being pai,| ,1„. algchraic sign. Tims coircclion d’l.riio. 
Mese .os,a.rimenta never exceeded (I I.', nnllivoll, and was n.siiallv 

Ti". iiielliml of working was to determine all pMenlial, against 
- -lenal O Ki.V .calomel ele,-|ro.|e M. In order to avoid any risk 

■ -u.atmn m the potential of (his eleCrode mse, (he Wd'snmre 
■s » ,y ta,, dev.ce wa.s employ, si, and the veswl damped ,s„ firmly 

.M.'iedatly rinsing of the side tnU- could he performed wilhmi't 
- •meal shock or vibration. The copper wire leading intn the 
-.-ir) III the second side tnbe was not disturbed at ,iny lime. The 
‘ -as. ami the O'lO.t potassium chloride solution in the electrode 
--. were prepared w.tli the nsnal precautions. The sidelnhes 
Y-lh this electrode and the hydrogen eledr.sie dipped intn a 
.■■iitamiiig 4 10 .\ -potaasinm chloride. The water balli contain- 
j. rt.n and the calomel eiertrofle was kept at iH 'iO’l'-' for 
iMMirs t)cfore any readings were taken and during the 
-er, ^'lectrode might l>e given every 

am y of givnng an abwjlutely constant value. At lirst a satur- 
!•" chloride electrode {A) was used as a heck on the 
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0'10,V j>oUsijom c hloride electrode 0. Tlii* wti xueful in tlut - 
gave .III accurute rl»eck on the correctnew of the temperature of , 
liath A ft^ of O H/" ill tlie teinjwrature of the two electr^-U 
iiicreaaee the diBereine of p*jteutial hy O' 05 millivolt. 

Throughout thisie tneasureiueiiU the A'.if./’. of the cell 
(Pty I Hp ‘‘ *1 iM'Uf J »/IuU.>Q ■■ [ «4lur^«d KCl | 0*l0i\?*ECl,Hg/;L H' 
wa» rejXiahwIly detennine*! as a check on the ‘^standard acetaU. 
the hydrogen eieciro^iea themselves, and the O lOA'-calomei 
trode O'. With iiyilrogeii electrodes satisfying the 
dew rihed, the value obtained was uniformly 0 6046 ±00001 v. - 
mdicating that the calomel electro^le 0 gave a constant pcUjiti, 
differing by perhaps O H) millivolt from the mean value givrn b 
the four control electrcMles alluded to in the preceding pa|)er 
One factor contrilmied largely to the accuracy of these 
menlH, namely, the hot, dry weather experienced. This 
IHKwiljlc excellent insulation of the whole of tlje electrical appHrit^,, 
On tht^ other hand, Ufore measuring out definite volunir* . 
lolutioii it was necc!<«ary to coo! the solutions usetl to 1.5 . T.>* 
batli was kept at IH by means of a rotary pump driven b. * 
turlnue. This drew water from Liie bottom of the bath, and alvr 
passing it in turn through a lead coil immerseil in ice and water, i 
heating spiral, and a toluene gas regulator, retumeii it to t:* 
top again. The stream was sufficient in volume to ensure 
stirring of the bath. 

The .V acetic acitl solutions were prepared as describe^! in 
preceiiing paper. Hotli tiie first and last samples from the X ut‘y 
acid bottle wt-re titratci) against a carefully guarded A iiy<lr- ciiiur; 
acid solutifm hy tneans of U '.dthV-barYta with a discre[iancy ’>f . i < 

1 in iH'twwn the two results. 

The .V »o<iium acetate solution was adjusted by the elect n.n.Kr 
metho<l previously described. The results of the experiments* 
that given pure swxtium acetate and pure acetic acid, ' .sianlir: 
acetate" solution may be readily produced with such anurv; 
that, in sjilte of its small diffusion potential and the cojise-ni'r*. 
small tiineciiange of tiiat potential, no differences in roin].(x3t. r 
of two sann>le8 can be detecteil by the most searching Iiydrs,:'-: 
jmtential measurements jmssihle in the present state of our kr ▼ 
Iwlge. 

All solutions were made up with water of less than 5 
sjxft'ific conductivity. For the great majority of these detcrr!.; -.i 
lions the result would not have been affected if the l'-'-' 

eouductivity " water had been used instead. 

The contact jKitential measurements were made by tlie uieu. 
described in the preceding paper. 
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ri. Change of »*, 

o« />li/lfflO«, 

lo Uie uhi« below the results of the^ 

Tb. Snt column conUios the volume of mlnUon 

ft.t.3 gr.m. of .cotie »cid for c.ch diUu.on exanm,.,! 

Table I 


ft* 


d. 

(F.M.r 

t 

tMBOOS 

fr0003 

0*48975 

i 

<1 4»300 

if-OOOI 

0-49280 

K» 

030240 

OU002 

0^50220 

?i.» 

<^31115 

0-000 1 

0*51105 


05l$95 

0*0001 

0-51385 

40 

o-52(HO 

0*0001 

0-52030 

yi 

032350 

0-0001 

052340 

m 

053202 

0-0001 

0*53273 

too 

O55I0S 

0*0001 

0-55095 


0 55430 

0-0001 

0*55420 

(0-56347) 


OfXKHHl 

21-7.10 ’ 

000007 

21-2.10 ^ 

OlKK)22 

20-2.10 - 

? 0'4K>01S 

20-0.10 * 

+ 0*mH>3T 

2ti-o. lo ^ 

* (4-00019 

19 2.10 'i 

■ 00(H>07 

l si 9. Ul •' 

(yiKHKH) 

l!<-1.10 t- 

= 0-(HH)28 

17-S.lo « 

0(KKK40 

17-2.10 « 
(17 (1.10 '■) 


U-IT. lo ‘ 
0 i:.io < 

UHi.io ‘ 
O-Ullo • 

OIMO- 
u U.lu " 
O-U.lo « 
O'U.lo « 
o-l:{.lo ■’ 


V, vuv: Lxua 

Vi t H,. *.>♦> ,^.kI soliuiiM, I 41 o.V.K('I O lO.V-Kf'l 11 .^ v \ I M » 
five, in column 2. I„ column ,1 uro (ho .I'i/uU 

eernunod m Urn n,„„uer .lc,<.rihod. und ol,,h„„,|, ,l,..; 
.^uh(c Iv very «,mll „.,ir inaccuracy affoc,., 

I, vie fitent the conclusions which c.m lie .lr;iwn fni.n ih \ 
.^(hcy rc^mble al, other u,..a,urc,„cu..a of cou,:: ' o^: 

:lror(tS,rrw:rf;:;::,;:/r^ 

_«!«,( «« tlmt they a,,,.roa„uatc.l ver;"!, J;/',:': 

“ Tilts line could be represented hy the formula: 

lo g V - ft^rtn^nri 

■ • ■ (1). 

la column 5 are givon tho quantitie. which would have to he 
•• ^ lo Uie abeen^l h.M.F. a to obtain llgurcs for IK V F 

’^™llivX "'“>‘"''u>n error cl 

fi/f Ti ir r““" i" other, 

i'’.r*rtly from thJ''^’^ '“garithm of the dilution. 

‘•^ add and th^ the equilibrium hetwee., 

aad and the ion. obU.ned hy it., di„ociation, that ia, 

H‘ + Ac' .--- HAc, 

' “"'■o it '» a weak electrolyU, write 

[H-][Ac'J=^i,[HAc] 


ttii. rv. 
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where [n-l end [A^i are rei^pectively the hy.^ogen- and 
concentration., [UAcj U the concentraUon of un^»ted 
acid and C e-^ual^ the total concentration of acid. Ti, 

value, of fffl can 1* calculated from the hydrogen pot»i,Lt, 
a; y f - d) given in table I, .a=0'3377. and the conrtant nic" 
1,^ the application of the well known energy equation quo!„, ^ 
the preceding paper. .Since C i. kno«. the tUu« o 
diBerent dilution, can be calculated. The reaulU of calcu.«„^ 
,«rforined in thi. nianner are given in column 6 of the same UU 
It ii wen at once that a minute alteration in the value ot 
gj/f will correspond with a large change in the value of 1., ..u 
dimociation con.t.u.t of acetic acid. In order to facihuie u, 
examination of iheae reaulU the alteration in the value if i, 
obuiue.1 by altering the >;..l/.>'. 0 10 millivolt 1. given in coiuirr' 
At thi. point it will Iw convenient to mention a di«rrii:„ 
between these result, and those of Ixioiiua and Acree (.d rarr. C", 
J 1911, 46 , 585) with respect to the fj.il.F. of acetic ari l .i, 
the mean of wveral concordant resulta, 0 4930 may be Ub: , 
Ibeir value against the O lU.V calomel electrode for O-.i.! so-, 
acid, the connecting fluid being d'lO.V potaffiium chloride. Ti, 
ia fl’millivoUa higher than the value found by the present suicir 
and correeiKitida with a diMocuation conatant of 16-7 x In ‘ u- 
imme value, for d .and are taken as those UKid previously t, u, 
author. The acetic aci.l from which the aolulions were man- .« 
found free from formic acid, and it ia suggested that p«» .' 
Uomi. and Acree's sample contaiiml traces of higher lion, d r c 
aci.ls, although in view of the care and high order of accuracy ..c 
which their measurements were made this attempt at expUri' > 
of the discrepancy is put forward with the greatest dilTidencf 

The Vhainje i,/ Ili/JriHjen Putenliiil of " Statuiard An'a-' 
on Dilution. 

-SUrulard acetate " solution is a solution deci normal .i; 
resj>eet to U)th acetic acid and sodium acetate. The 
obtained, proceetliug precisely as wilH acetic acid, are ■ 
table 111 


l/Ca 

5 

10 

25 

50 

«2-5 

100 

21>0 

500 

1000 


«i0300 

(VK'tS.'t 

CKM)!S3 

6073.1 

m»7d.s 

60023 

61100 

61223 


Table II. 
d. 

0-00015 
tV(KK)15 
0-000 10 
t>(K>005 
0-00000 
00(KH)0 
0-00000 
IVIKKKK) 
0-00000 


[K.M F. d). 
60345 
60445 
60575 
60678 
607.35 
60798 
60923 
61100 
61223 



■T0tooE» pomruuj or acetic acid, eic. 3537 

I. .^luma I . r,pr«6nU. .u Morv. ,!,« v<.l.,„.e .v.-upi«J bv 
, of ««Uc »cid; eolunui, 3, and J «,«tain daU 

^,ed .n th» lune way „ i„ the ulde fur dilutions of 
aloM. 

If the ealue. of .re plotte.) a.a.nst lo,- ,, . .ir.ight 

a,« tMult. but a rurve, tJie nature of which tnav be judL 
Ute figum 10 column 5. These were calculate,! from U.e 

[cffttioU : 

loff V -> lotf 6 

-^f -%0 60345 . 

^^pr«nt Ute i,. 

rjf f oWrv«l to obtatu U,ose values which would have been 
cbutned tf Uie functton relating (/■:..» .y. - ,1) and log,, had luum 
hoear. and if the a.raight line passcl thrmigli the observe,! poinia 
r fr«f)OiuUiig with arnl f KHK) ' 

(oteCMumrmn 0 / lAc /J,„„c,„„o„ of ..|cc/,c in, I .,1 

bferen/ <„„cc«tn,f,o„a. f,, Tmo, ar ,/,..,ro.<ion of 

arrEM F r »ufr,,.uu„H, 

u! iht K.AI.I'. of Auitluiry Khctrufir. 

Free, the EM.F of a hypothetical cell made up of two hydrogen 
.er.ro.le. imme^l one in a„ „,e,ic acd .dution „nd the other 
lan acetic aenl «Hl.,im acetate , mature, i. i, 

"rri/ A- V" r “■ 7':" - ->-l-iden,, 

. of any auxiliary half cell; the only a.«u,upl„n, are 

leitewah, energy relationship involving the consta.da /f y T 
M the law of n.^ action as aiij, lying to acetic achl. ’ ’ ‘ 

The value, of (F I/.A-.-,/), and (A'.J/.A’, „ 

-*l.ng provide daU for the A;..1 /.A’.'s of a mimlaer of tl.el. 
4'-.ial to fn^a" h‘ ‘"m linked, without conUct 

lelti ' fF J/ F r 

-.el l F VF "■ - 

W't), refe " , ' J ~ 'On '’nd may be written A,'.,. 

■>l' reference to the data in Ubie II we may write : 


{EM.F. ~ d) 0-3377 + 0*0577 log 




(«) 


Ubia 1 : in equal concentraf.ioiH. Similarly, 


= 0-3377 + 0 0577 log ‘ 

* ^'hC, 


(»)■ 


H )l 2 
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Cho<»...« th. d»u from ««h UWe ~ thAt for ««h «U con. ,J,„. 

(’ -Tj, ^ 


logi.-2(logaC-JlogC- 


) 

u-mn/ 


1 10,. 


Riuations « and 9 »» 

,,mM- to th.ni, although if they are improved A, „ 

longer al,«>lutely independent of the value of The more ao ...jv 
«, nation, are («* preterling paper) : - . ru-l 

{S.H.f . - J) = 0 337 - + 00577 

-d). - 0-3377 + 0 0577 

and in the special ease where C-C|, 

/'‘ja^c'+[h-i \ 

A ',-0 05771 og\^ Al( 6 --ttfl) 

Sow IH'i and [If), are comparatively small quantities, sr. 
[liev aro placvl m tin. eiiiiatioii, an error in their deter,,, u,.,:.. 
resulting from a possilile incorrectness of e» will ^ 
w, wo may siilist-itute the actual values of [If ] and [U ], ca„«a>; 
in the ordinary way into tlii. equation, and still regard ,! u i 
determination of A, in terms of a, at the same value of u, 
dent of the exaclnesa of the value of e.- , „ , , 

The value, of k, obtaineil, using e<iuation ( 11 ), Kohlraiis. ', i n- 
ductivity data, as liefore, (ji. ■. 76 S), and the daU fro,,, ul.oi 
amt 11, are ijiven U-Iow : 


10 

TiO 

llM) 

500 

1000 


K, 

170 10 * 
18 4.10 ^ 
18-8.10 ‘ 
10 9.10 * 

20-s.io * 

19-0,10 * 
18-4.10'* 


(Jono«)- 

17 - 3.10 
18 * 2.10 

18 - 5.10 
18 - 4.10 
18 - 3.10 
18 0.10 ' 
18 - 0.10 ■ 


For comparison, the latest values for the dissociation cor.iu 
acetic acid by tlie conductivity method have been place.! i„ ' 
column (Jones, Kf/.,r(* VanMjif IntliMion, No, 170). 


Summary. 

The relationship between the hydrogen potential of » ' • 
and the logarithm of its dilution is strictly linear. As-m, . . 
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ibf en^rfy reUlioMhip hold#, »nd th«t law of ma« action 
acetic *cid, and taking aa data tike conalanta at pnweiit 
^P?ed, dUnociatiou constant of acetic acid would apj>ear to 
ftMdily wth diiuuoD. 

tVt^rfliinationa of Ute dissociation constant of aivtic acid in tarms 
ihc (liseociation of sodium acetate have Ikcen made l>y hydrogen 
roaaaareinents, in whicli the accurate knowletlge of the 
f. of no whaduary half eleitrcKle is involved. The figure* 
for the diaiociation of soklium ai-etate were caloulaletl in tiie 
;^1 «ay from Kohlrausch'a conductivity nieasu remen ta. Asaum- 
ihat they »ro correct, the values of the dissociation constant 
acetic acid ol^ined in tliis way show a rise and a subsequent 
fail with dilution. The same rise and fall has l)een observed by 
to a lem marked extent in the values of obiaineil by the 
8«iductivity method. 

la exactly what direction the results obUine<l in this and the 
jrce^hng paper can l>e applietl to qualify the present generalisa' 
fitii with regard to the pro|>ertie8 of electrolytes in Skdution is 
ai once evident. It would ajjpear that the aim racy of the 
^#asuremenU ia sufficiently high to make possible an attempt at 
tf' in 1 lysis of the discrepancies observed when the data for the 
iiMoriation of sodium acet^ita are more firmly esUblishei!. Taking 
aamiit the magnification of the errors of observation in these 
-ilfulations of ka it is cerUin that tlie dilfirkiltieH of providing 
v^fliciently accurate data will disappear only wlicn a Ikiglier order 
;f jtYiiracy is reached than is at present pngsilde, 

Tiii» Jivdrogen potential of "stanriard acoUte" against tlio 
!‘=y calomel electrode Iiaa IxN-ti redctermituvl. Tlio reaiilt 
is 0*00 16 volt with saturated ])t>tas'«iuiii chloride stdutiiut 
between the tw'o halves of the cell; corroded for contact 
[■ t*utial it is 0’C045 volt. 

! wi.dj to express my obligations to l*rof. S. IV b. Sorensen for 
Vi lif'lpful suggeidions. 

WriLTOllR PuTstOLOOICAI. Kf»KAKcn I.AIU)|U10KIKJ<, 
iiisxi iln.T,, Lom>ox, H.K. 
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CCXXXV . — The Atomic Weight of Mercury 

By HtHBim Br^ketox Bakes »nd Walter HsxRt Watsox 

UuKRT dt^ti-rriaria lions of the atomic weight of mercury 
out hy Kaaley ami hy Easley and Brann (7. .-Iwef. Chem. s^y 
{W3, 31, 1910, 32. IIT; 1912, 34, 137) by the analv.u • 

mercuric chtor[_de anrl bromicie gave as the rewlt of thre#* 
concordant rwrie* of exjjeriments the value Hg- 200*63, and 5 : . 
figure, rountltwl off to 20<J 6, appeared in Uie International T*?;. 
of Atomic Weights for 1912. This value is considerably 1* 
than that previously given, namely, Hg^=:200, a value whi-fc 
very nearly the mean of all the earlier published determiiuu 
The latter, however, varied i»etween such wide limiu m ly+i 
(Hardin) and 200 52 (Erdmann and Marchand), so that 
would Apj>ear to have l>een much uncertainty as to the exact 
of the cohHtant in question. 

It therefore seemed desirable to the authors to redetermine t:,’ 
atomic weight by a method as different as posailile from 
hitherto employee 1. The metluHl adopted consists in the 
of mercuric bromide l>y the direct action of liquid bromine oti 
meUl, the excess of halogen being removed by a current of ; 
dry air. It was found, however, impossible to remove the hr j 
completely at a tetnjieraturo below that at which volatilifiat'.' ri * 
the mercuric bromide became apparent. The amount of ad^rv 
bromine remaining after heating for one to two hours to To ■v' 
was therefore subsequently ex pellet!, after weighing the pro/j* 
and separately dctermiueil. In no rase did this amount to rr ;? 
than 0 (K)C j>er cent, of the pnxluct, so that a relatively Urt"' rr * 
in its fleUTmination would not seriously affect the finj<l 
Values for the atomic weight of mercury varying from 2(«* ■ 
2<H) 62 were ol>tained, and as a mean of nine experiments the vi * 
H^~:200 57 was d(Hiuce<l. 

Tliis result differs little from those of Easley ami Br* • 
obtaiiu^i by methods differing widely from that of the s'lt!' n 
If, however; traces of mercuric bromide had been lost by vols* >« 
lion, whicli ceems improl)able in view of the precautions tak-^n. ’-■** 
the calculateil value of the atomic weight W’ould be too lii^h 1 
point is of interest in view of the fact that while our ex per; 
were in j)rogresa a stinly of the composition of mercuric ox; I'* 
published by Taylor and Uullet (7. pht/finil Chrm., 1913, 17. ' 

As a result of their experiments, these autliors de<luce the vi 
Hg =s 200 37 ±0 025, and suggest the need for a further uclcrn' '^ 
Uon of the titomic weight of mercury. 
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g ,i,e aoa de*Tib«d ui this p.|>fr, Hie e.xi-e« m bromine being 
,^ever, r««oW in a vacuum at the ordinary t,Mn,.erature. A 
rviiBunarj’ tn»> h« shown (hat all but traces .an l» .a., removed 
„.j the |K»ibibty o weigbable anu.unt.s of mercunc bromide 
tpe^ir beJDg lost woul^l tliiu be avoiiieil. 


Kxpehiwkntal. 

PrrfMiratiofi of J^urr Brumfnr. 

This ww ni*ae from recrysUllisetl potaiwiuin broMiide by (he 
^.ihcxi dwcnbed by Schott (T., 1913, 103. 8(7) Tlit. nrchiud 
,w l^ft for two days over pure quitklinii^. and tlivn distilled 
w apparatus con^nKM enlirdy of Jena ^dass. tbo lirst and 
list p-iriions of the distilUts* l>eitig rejectesi. v\ ]iorl.joM of die 
tfciiime used was from a quaidity kindly supplied by Dr. SeoD. 

PrrjHjrotioo of ^urr dfrrrory, 

Mervuric chloride was recrystallised first from pure alcohol and 
from wat^r. An aqueous solution of tlio purified salt was 
added slowly to excess of a solution (1 10) of sodmin hydr- 
xiie kept boiling in a large porcelain <lish. the ebullition lining 
.d>«s|uently continue^l fur about five minutes. The precipiUtod 
ide was collected, washed free from .solulde chlorides, and dritul. 
[’.It (mMluct was then deeomj)eM‘<l ly heating in a Iiar<l glass tube, 
.ud the resulting mereiiry collected. The metal was purified by 
2 :iking vigorously for five minutes with dilute nitric aei.l (5 per 
.St 1, washing well, and then distilling five times under a pres.sur<> 
f iUnit 15 mtn. in an app.aratns of Jena glass (Kig. 1). Kxcejit 
5 the last case the distillation was stopper] while still a few c.r. 

Miiiitl In the last distillation tiie mercury coinpleUdy 
;it:iise<l without leaving any residue wliatever. 


Syntktm of Mrreunc Bro vatic. 

Twrt forma of apparatus were used. In certain experiments the 
rwratiw used by one of us for tlie synthesis of telluric bromide 
Hun and Bennett, T., 1907, 91, 1857) was employofl, whilst in 
remaining experiments a modified, somewhat simpler form 
fi?. 2) wa» used. In all cases a similar piece of apparatus was 
•^1 u a counterpoise, and during an experiment Ixith pieces were, 

’ f>r M possible, treated in exactly the same way. 

^W^rniry was weiglierl into the bull) of the apparatus and covered 
-'’ bromine. Action was starterl by gently shaking the two 
Wber, and the apparatus left for half an hour. ^ In no caw 
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w»$ the Umperature allowed to riae eufficiently to cauie esc;,-^ 
hfomine va|^>ur from the apparatus. More bromine w&i 
added, and the apparatus left, stoppered, at room temperature f , 
forty hourii or longer. Excm of bromine was tben 
by a current of atr previously passed through a tube packe i 
giasa wcmjI, then over pieces of poUmium hydroxide, and 
through a spiral tul^ filled with concentrated sulphuric acid. Wh^ 
most of th^ bromine had l>eeu removed, the temperature < f 
lower part of the apparatus was gradually raised in an air bath u 
7(} and maintained at that temperature for two hour« tis 
upf)er part of the ap|>aratua through which the air escajMsl „ 
outside the air bath, and did not become heated above 25— u 
no sublimation of mercury bromide was ever observed on Ihss 
Fm. J. Fio. 2. 



The apjkarat'H and mercury bromide were then weighe<l. In iwvrri 
experiments in(*re bromine was tlien added, and after twelve li - '* 
the above descriU*»l treatment repeated, but the change in ' 
never exceeded a few tenths of a milligram, and was in al! [-r 
hiiity due t<» a change in the amount of adsorl>ed bromine It 
all cast's the product had a slight pink tint due to free 
which could only Iw removed by prolonged heating to a 
higlier temperature in a current of air (ir by fusion. A' I 
mercuric liitnuide by voi:itili.sation was to be feare<l in 'li* 
the amount of adsorbed bromine, after drying tlie pru'lucl •' 
waa deter mi iifsl by slowly heating the bromide to fu'^icn ^ 
current of purified air, which then passed through a soluti- :i 
potassium iodide. Tiio healing was continued until no 
liberation of^iodiue occurred. The amount of iodine set free •** 
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by litwtion with a iV/lOC^solwtion of tbiosulphate. 
aertr wiUi more than 0 5 nulligrsm of bromine, 

mercury bromide fused to a clear, slightly yellow liquid. 
»kkh. formed a white, crystalline mass, completely 

g^able in alcobol or hot water. The conversion of the mercury into 
gj^fi-urie bromide appears, therefore, to lie complete under the 
of experiment 

UVij/Ainj;#. 

In experimente 1 — 4 a long- beam Oertling balance was useil, and 
ta ei{?eriroenU 5 — 10 the weighings were made on a sliurbbeam 
Uujvge balance. In both cases the sensibility of the balancwi was 
j^justed 90 that an excess of U’l milligram prmiumi a deflexion 
4 5 acale-diviaions. Before weigliing, tlie appamtus and iU 
..^ijiiterpoiae were wiped clean with an old silk Inimlkerrliief, and 
Vfi fer several hours in a desiccator containing solid potassium 
‘YdroJtide. They were then transferred to the balance wit limit 
vudutig with the fingers, and left for at least an lumr befnre taking 
|r r mi.i) weighing. The balance casftj also contained vessels filled 
[, :Ui s^'bd poUssium hydroxide. 

,\!i I lie weights given in columns ll and 5 of the fidlowing table 
Ini' lieen reduced to vacuum standard by means of (he following 

t'rfrfdions : 

- 0 -(KK )054 gram per gram uf mercury. 

+ 0'000065 „ ,f „ JiKTcuric bromide. 




Wt. of 



At Wt. 

ill 

VVt of 

proluct 

Wt of 

Wl of 

of ilx. 

3f 

me roil ry 

(HgJtr.j 

aOeorlx'ii 

combimHi 

(Hr 


taken. 

obtainoil. 

brotniiic 

hremiiK*. 

79-92). 

\ 

1 ^Ht90 

8-77310 


3 H9084 

21 MV 56 

1 

6 74796 

I21269S 

''int«V052) 

5-378.50 

2t*0'54 

j 

4 79430 

8-61672 

(I(MM132 

3 K2210 

200-50 

t 

4 W480 

8' 13076 

0 00028 

3-60568 

2(MV5K 


4'7»892 

8-60584 

0-0005t) 

3 81642 

200 57 

i 

5-52SSO 

9-93452 

O'lKlOfll 

4 40526 

200 61 


4 40148 

7-90926 

UIXKMO 

3 .50738 

200-59 

s 

a.'iMtu 


nut t- 




4 S':m 

H- 12829 

0lKH)35 

3-604.56 

2(8158 


.7 44704 

9-78723 

0-00010 

4-339HO 

20<i-62 


Mf'ttti value 

(9 cxporimentN). Hg 200 

,57 + 0 008. 



*■ In Kxpta. 1 and 2 an atteinj)t was made tc) determine the 
• i"d bromine by dissedving the product in a soliiti<m of 
iodide, but tiie resuU.s were Mnwitisfactory. The fjgtircs 
i ill hrarkeUi were therefore calculatcil <jm the basis of tliose 
S'onp.j in the later experiments. 

'■^*&ULCoix«aso» XoRrHSKN ror.Trw)MjJic Ixstitutk, 

xxo TteSNOLooT. L'^xnow. 
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CCXXXVI. — and hothetyml Compres9ihthu,, 
of Llipiidit beJireen One and T\to Atmotphr,-,^ 
!*nssHre. 

By IUniei. Tyres. 

The i>Ttmni |)aj>er constitutes an extension of a previous on? 
1913, 103 , 1675; on the cotnpressibilily of liquids, in wUic)^ <i t,?, 
and precise method for the determination of compreasihiliti?^ ^ 
low pressures was described. 

Since llte publication of the previous results, it was dis< oy^r< 
that a small correction to the observed values had been over!^^:.kni 
This was duo to neglecting the small change in pressure ozj 
liquid cause<i by the cliange of level of the liquid in the vrri’ i 
capillary tuU (nee the previous papr). Although this prt-^ur? 3 
very small coni]>ared with the total external pressure clianj:? 
intrwiui^es a correction greater than the general experimeiiul htr ^ 
and must tfmrefore l>e taken into account, Fortunatelv, » i 
correction can l>o accnrately calculate<l from the ohservc/l ir; 
ami, on tlie average, causes the resulta to be raised by alK>u? 
per cent. All the previously obtained results have accor 
been corrected, and tlto corrected values are contained in the w.* 
in this paper. The necessity of this correction is to be 
as a fllsiidvantage of tlie piezometer. It has also been notic?.l lu: 
for rather viscous liquids, such as aniline, the capilUrv 
recjuires a long time to drain, and for easily vaporist^i li,;. 1 . 
such as ether, slight errors are introducetl by the evapor-iii- :: ; 
a Utile liquid in the capillary tul>e during an experiiiiejit T 
avoid these disadvantagwi and sources of error, the piezoni-trr lu 
modified, as is fully described l>e!ow. In order to test tIc' 
of the previous results (corrected as explained above I, a i>» ? 
tlie determinations were repeated, in each case with the | 
meter. As will be seen from the following tables, tlie 
between the old and new results are, in general, very sin.ill, « ? 
gives consiiicrnble confidence in the validity and precision - : '.:i 
method. 

In order to determine the isotliermal compressibility ' ^ 
adiabatic value, use is made of tlie folIowUng thenm’-iy: ^ 
equation : 

a + \di) • 

JiiVp 

where 3 and a are the isotliermal and adiabatic conipr^^^v ^ 



1 KIWEES ONE AHb TWO ATJIOsniERfo TRIKSURt 

^Ot, kmpmtanA ^ >• tl>» 

h tie pwioue work, in order to obuin veh.e, of /.■ /, . , 

r«ulU of other inveetigator^ rel.od on. I„ he"'!*! 
^ {V *’•“ moderate V li^v- « . , ^ 

^ » the .ccnrecy of but tnlho “L ,,f T''’;™;'''''' 

,mn u coiUHdwible. It wa, found that I,, 'I, 

d Jt Jt which had been oalculateti from the sne iV * i 
y rar.ou. invertigator, conUined consideralde errorl ""’it 
jirfrtfore ntctUMiy to make a series of itv.ir ^ " 

^eruunatioM for caoh liquid from whi di * volume 

iMwfore divided into two parte, namely the lei ** 

rj..h.tic compreaaibilities at different tetnperatnrea r,"'|‘‘"ir.'"n 
lEiGiUon of Specific volumes. ^ deter- 

Thr ^ru- r.>r„, „l 

The eonatrnction of the pierometer can heet la. „„.lerat.,„d hv 
.femng o th. diagram The liquid to he i„vee,i,aj, , 
taDed m the tnner veesel, .1, of ordinary scala elas. hi . 
^elruptoand between the two tajw. rami T aml'lh. ™'"’ 

f.™,! in the horizontal capillary lube II The’t " '"'''‘‘'''ry 

’> ere attached by atont r,.blH.r't,ibim, to a 'il, " " 

tinometer. On increasing the nressiire Ih. l"""P fU'l 

« in the graduated tubi 7 Wh ^ . " 

the procure is relea^r ami . ';""l"‘ral.,re is 

t- ..cry thread in /f i, ,,7d, “"ia n,,:'.';:'::’" 

^dleckd 1)7 first exhausting it nf air liv altthi. H 

=;rj.:r»iT=!,;rh 

" 1 "“ ‘r““' .1 

” -J •I..1 .1 a. kiafoi "™“"" 

■'^n teken ascorrect. ^ ^ 

«7tf7e^7drt^'"*‘*',r'^ - ->'1 ii'o 

*Wltyof tL Sd^ti*' 

liquid III the ajiparatus, but was such as to give 
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r>r 


. clung, of f-dins of »*»“'• 6 to 10 cm. fot . prmmir. 

*'ue »«r»ge*«to*"* the ..iiabatic eompnwibaity drtemin,.;*, 
al not »pU^ U. 1« grentor than 01 per cent. Probably •>, 
coni^nt error U« in tlie correctjon for the comprM.;;..;., 
of Ih. clam, but this mu.l f.o comparatively Mnall, fOT it to sc,,. 
in the previou. communication that resilU obUined with a te. ;^ 
pieroiMter, which re<,uir» a much MU.U.r correction than 



art) ill agrpenient with the reaulU obtaiiie<l witii » 

picxometcr, 

/J^Ur/nifiofion n/ I'a/ufJ of dv/dt. 

In ordpr to bo able to calculate accurate valuea for th-- ; “ ‘ 
very accurate siwnfic volume daU- - carried out tn ; “ 
decimal place at least are necessary. The flilatouoNr 
capable of giving such a degree of accuracy, and hence inf' 
method of the pyknomeUr had to be used. The ordinary 



ONK AKD TWO ATMOSPHERES* PRESSURE. 25:^7 

{sr» pyk0O®*t(5r it litble to eoiitid^rtb]*^ «*rri>r for voIttiW 
^ evtporation tu the two capillary ttibet, and for 
liquid* thwro it always an appretiable quaiUity of liquid 
aiiirii cliog* to the tide* of the ubfdM part of the rapilltry tube, 
eew form of pyknometer \ra* therefore devis«sl which luu only 
capiUwy tube iiutlead of two. On the capillary tube it etched 
^ mark, and tbo open end it widened ont and providetl with 
^ jround*flaaa itopper. The instrument had an approximate 
rc4tiRie <A 70 C.C. The empty part of the inidrnmeiit above Ute 
^rk on the capillary tube can be thorouj^hly freeil of adhering 
■iquii "ni* filling and emptying of tlie pykmnncter is effetletl by 
kUacliing to it a imaiJ dropping funnel provided with a aide tul>e 
isd upr through which the instrument is exlisusted. The liquid 
^ shell run in, and fills the pyknometer com|iletely. The liquid 
i'je* not cwne into contact witli any rubl>er connexions during tlie 
'.iliog. and U always kept in conUct with dry air only. The fdh 
.rifj under exhaustion also serves to free the liquid from dissolved 

iir. 

As the capillary stem of the instrument may l>e made to any 
itittt of fineness, the adjustment of the volume may lie made to 
V rffv superlative degree of accuracy. The weigliing (d liie pykiio* 
sprier was made to OT milligram, and all weight h were r*Ntuced to 
i vicuutn. The thermostat use<! con.sisliNi of a large K) litre water- 
Uth pruvidetl with a motor driven stirrer and a thennoregulator; 
Uif tetn|>erAture remained constant lo Icks than (rol“* It may lie 
Mil, therefore, that practically all error lay in the Uuiqreraiure 
Tiding. For thif'^Urpoae, a series of liiiely graduated thermo- 
Skiers was used, capable of lieing read with accuracy to less than 
which had been sUndanliscd by comparison with I lie normal 
;ydrf>gen thermometer. In adflition, they were compared with 
i.^ullicr set of thermometers, ami the fixivl poinf.s (melting and 
lAViliog points) were teate<i, ami tlm melting point, of sodium 
tiijdisle (NajSO4,101f«O, iJll'38'^: Iticliards ami Wells, ZntiH'h. 
Mjobv/, Chem.f 1890, 26, 690) was carefully <le(ermiiuyl. At tio 
p tot was the correctiou greater than O UU^. Tlie error of leinjiera* 
{4irr readings WM probably not, on the average, greater than 0 ()U\ 
.Vow for Mquids the value of of wliiidi is les« than U'OOl, 

riror in the temperature reading of O OF causes an error in the 
‘iTcijir volume for a liquid of average density wliirli ,'ille<'ts the 
dwmal place only. Hence it is reasonable ami logical to 
'i.-uiAte the specific volumes to six decimal places. At the higher 
i*eralnres the degree of accuracy would l>e railier less than this, 
‘ aaxiunt of a somewhat greater tenqieralure error, 
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Th# volume of the pjfknomeAer wm secaraUlj d^mic^ ^ 
difierettt Umperaturei by weigblug it 6JIed with boiled, distin^, 
weter. These calibrations were also repeated, utiag 
mercufy in place of tlie water.* The calibnlions were repe^ite^j J 
various time* to see whether the volume of the pyknomeUr 
altering with time, but no change was observed. 

TAe Pure XtV^uufs. 

All the liquids used were highly purified. They were general; 
fractionally distilled or frozen, and, where poesible, they wert^ 
over phosplioric axido. The fractionation was continued un»;: 
liquid of cunutant boiling point was obtained, and the deiuuy 
unchanged by further distillation. In the following tabb 
given the constanU (boiling points and deusities at 0°) of 
liquids useij, where these had come within the scope of 
ineasureuieut. (Only boiling points below 100^ were acciuiv 
measured.) The corrections of the boiling points to rK'n:u! 
pressure were made by calculating the values of dtjdp friiri; 
(JU|)eyron Clausius latent iieat relation, which is a mm 'u 
satisfactory metliod tiian the use of tables of experimentai 
of df jdj\ a function extremely difhcult to measure with actufir*. 


fdquiii. 

fienaity at 0" 

IkMling {KJifit 
at 760 nun. 

Carbon disulpbido 

1-29304 

4625* 

t'lthyl act'totc 

0-92468 

77-15 

Etbyteiiu chloride 

1-28248 

83-45 

(‘hloroform 

1-62649 4 

61-21 

Toluene 

0-88412 

..... 

AniUne ^ 

1-03893 


NUrubenzeno 

1-20323 at 20*^ 

— 

tii'Xylene 

0-88161 


KUiyl broiiudc .. 

1-49821 

3840 

Ktliyl i«.>dido 

1-98038 

72-52 

llenzene 

0-88948 at 10» 

80 2S 

Hther 

0-73639 

34 60 

Methyl alcohol 

0-81040 

64-72 

Kthyf alcohol 

0-80615 

78-32 

Chlorobenzeno 

M2780 

— 


Aduihatic Vnniprrmhditite and Specific Volumfx. 

Ill the following tables are given for each liquid the 
mental results of the adiabatic compressibilities. Kor tiu' bf- 
which had Wn previously investigated, the values correvir*. 
explained in the introiiuctiou, are given, together wuii < 

* Ths voluuivs of waUr given by Tbitsen, Sclieel, si»tl 

(Lsmloltdlurnitein, “Talielkn '’) were uacti, and for mcrcnrv ihe rrsuit* t-f' 

UM.l 
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aij.jik'HifUtAry vaIum obuuied by iumus of tlie ikw form of piojo 

F«r ^ liquid aK ,J,e eyfM-ruHen.Al volumo .IaU sro 

pttiu with the amsl^uu in the esiuaiion 1’, V . at , 

1, wA, eA^u,g y lAlmriouA to lio.i ,u «,,utu... four 

OB tb. nghbhAna sulo to (It tho oxi^„,„enUl rosults for the 
.bob ternpemure r.uge. a.ul it wa, l.„„ ,o (io.l two e<nmtio , 
rf .hree ter^ eovenng a range of not more tl.an 40 -' 

IB the followtng Ubie (O eypreaaea the .e,ni,er«tu,. in' degree, 
e^Ugrrde. a i, Uie adiabatio rmnj.ressibil.tv, and ,■ tlm »,Lfir 


C (trbon Ihful phtflr , 


t*. 

ax 10^, 



Old n Bulut n»rrtvtaii 


0-0 

52-95 

0-0 

12-77 

57-94 

11 66 

1256 

57-74 

16 97 

20-30 

60-01 

23 74 

29-21 

63 91 

30-72 

33 39 

65-49 

39-07 

40^ 05 

09 13 

Xeu- n-«ultrt. 

19-63 

60-43 


27-18 

63-35 


3402 

60 36 



0 7733T<) 
u THaS.*)? 
0 78876S 
0 71>:)154 
0 8411888 
0 810114 


r,-0-773370f0 0008Sl8M'0.0 irflur, 




0-0 
HU 
20-96 
29 42 
30-7? 
44'80 
M’3i 

ao 

9^31 

2431 

3.7^20 

49-69 


«x 10'. 

Ultl ivsutu rt>rrfE-tAHl. 
r.0-30 
95-91 
68<99 
74-00 
78‘20 
63- U 
90-«5 

New fi*sultji. 

69- 54 
62-65 

70- 75 
77-36 
87-25 


0-0 
10^31 
15-94 
25 07 
32-00 
40-35 
47-40 
54-00 


0 855097 
0 663406 
0-068131 
0-675942 
0-6620S6 
0-669044 
0-090276 
0 703199 


'^0-655097-f 0-0379260/-f 0-0J57G/ ’ O) ^ 

-a960294f0-O,68323(f -3Dj + 0uj945(- 30r 


(SO-^ 00 ). 
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Toluene. 


12'42 
id-ol 
27- 10 
3 ^i '74 
M >20 
60-lft 

»4 li 

0^0 

12-41 

47-10 

67-72 

67-60 

60-00 

21-50 

36-43 

26-42 

47-27 


• XIO^- 

014 rt*ult« cofT « ci « d . 
OUk 

64-16 
66-66 
71-16 
77 32 
B3 61 
60-64 
67-32 
1066 

{.’opDf-r pieiDineter. 

5^74 
64-10 
62 10 
86-00 
66-86 
llS-3 

New rowJU. 

68 00 
76-03 
72-11 
82-46 


0-0 

14-66 

21-17 

26-78 

30-74 

40^00 

60-13 

734)5 

76-73 

76-24 

66-17 


1-131085 

M48880 

M62386 

1-166866 

1-188866 

M80721 

1-16146 

1-22464 

1-23529 

l-m43 

1-28680 


I 131065 + 0-0011630 / + 0-0,1659 ^ 

1 16131+0-0013918 (f-50^) + 0-0,2834 (»~-60 ). 


Bemene. 


e, a X ur . 

OKI reaulu torrecUHl. 
UUm* ptezomou^r. 

&.55 « 61-40 

20- 38 66-76 

30- 52 72-33 

36-38 75-64 

42-76 79-80 

49-64 64-92 

49 67 84-62 

05-40 97-58 

Copper pioioinetor. 
16-15 o3-99 

21- 91 87-86 

31- 33 72 81 

41-30 79-42 

50 29 85-69 

(;.>.97 95-20 

New result*. 

15 96 64 10 

3203 73-24 

54.58 88-56 

64-00 96-45 


11-92 

1126S7 

14-40 

1-13023 

17-90 

1-13506 

24-42 

1-14402 

47-95 

M7H2‘: 

58-33 

1-19402 

62-30 

1-20025 

72-06 

1.215>9 


r,s» 


1-124278 +0 00l35O8(t- I0)+00,l8^<-‘l0j^ 

M8129 + 0 0015038(/-50)+0-0i3086(l”50) • 


150 — JiO:. 
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Kih<f, 


« 10*. 

Okl rwulto corivcted. 
Ulaiss pit»£Oiuc«l^^r. 


oo 

114 3 

00 


1M9 

129 4 

13 29 

1 ;is(i)5 

18-54 

1396 

23 *xi 

1 lU^M 

2iV30 

1495 

2s IH> 

ill 9()3 

JO- 69 

158-S 




Copjwr pi<*r.oiiiet6r. 



14-63 

134 5 



21-U 

142-8 



27-52 

151-3 




N>w rtMuItsi. 



1091 

US 24 



18-54 

138-62 



24 93 

14^05 



29^50 

167-73 




1-35793 - 0-0020514' , 0-0,542/ . 



. 

AVAy/ Afr< 

Aiui. 


f*. 

a ■ 10 . 

r'’. 



Old ivMitu rurrecl«d. 



0-0 

83-92 

o-O 

1-23999S 

15 52 

94-45 

U-21 

I-25H098 

28 41 

102-04 

23 98 

1 272043 

35-28 

106-99 

39-15 

1-29.101HI 

4354 

IU-36 

40 32 

1 30459 

51-90 

II8-9 

51 (H 

1 ;U03,8 

62-05 

128-5 

02-71 

1-33047 

72 31 

139 0 

72 1)7 

1 340.11 


Scvr rortoJOi. 



OO 

83-81 



12-64 

91-37 



17-82 

94-22 



27-50 

100-7 



39-62 

109-37 



52-65 

120-05 



<'k) 02 

‘ 126-09 



72.70 

139-95 




-,1-2.19998 f 0-0012909' 0 0 1767^', 

" I 29494 f 0 00N749( ' 40) . O ();)05 n^ -iO). 1 10 7o'l. 


h r 


V'fL CY, 
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Carhun Tttraehloride, 


f*. 

• ^ 10*. 


r. 


Old rtvulU corr«et«d- 




(;l«M piesometer. 



00 

63^36 

00 

0-612869 

12 U 

6033 

n-41 

0-625728 

2077 

73-24 

37-90 

0-641815 

2009 

78.38 

4089 

0-649243 

38 29 

83-88 

53-76 

0-655021 

47 iO 

9070 

62-63 

0-66r3& 

67-72 

9928 

72-43 

0*671525 

67 63 

106-74 




C4>pper pintoa^ter. 



1016 

7072 



27-10 

76-98 



3S69 

8123 



6010 

101 65 

Kow reaultJL 



oo 

63 04 



16-27 

71 25 



24-08 

7064 



38-97 

84-82 



46-85 

8030 



53-25 

95-68 




r, -{>ttl2S69 p 0 0,7 1724' > 0-Ujl227f-. 

r, a-WM30 t O0,8l438(f 40} ? (h0J507(b- 40}'. [40—70 


Chtf)rohtme.ne, 


f**. 

a - 10^. 


r* 

Old ri^lta corre«t«d. 



(JO 

49-19 

0 0 

0886685 

13 40 

51-04 

24-32 

0907701 

24-24 

57-54 

38-89 

0920850 

36-63 

61-83 

47 94 

09293 

43 97 

65-37 

60-63 

0941055 

52-79 

69-59 

73-54 

0964282 

62 02 

74-36 



71 67 

78-87 



8047 

83-3 




Now roAulti. 



OO 

49-3H 



23 7H 

57-59 



41-26 

64-09 



0886685 ( 

r 0 0,81 101/ f 0-0.9506/ 



0021848' 

^ O0,9\G97(/ 40} -t 0-0 j1265(/ - 40)'. 

[40-80^:. 


Mcthi^l .4/coW. 



ax 10*. 

f*. 

T. 

OO 

88-94 

OO 

1*233821 

13-56 

9806 

11-33 

1 .2.50072 

15-17 

99-18 

24-42 

1-269555 

21*37 

10293 

41-65 

1-29639 

2065 

109-04 

55-20 

1-31899 

3080 

109-70 

68-31 

1-32130 

24-33 

105^64 



39-09 

115 93 



43-69 

12012 




r,t- 1 23382 \ +0-0014089 1 + 0 0^2240 /*. 

T<*l*27j8lO4 + O-OOl6201((-3O}+OOj374O((~3O)*’. f30-''<( ; 
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KlhyJ Hromuif. 


r. 

• XlV. 

oo 

7299 

10-36 

7943 

ll^ll 

85-74 

26-23 

9080 

31-98 

96 53 


f“. 

r. 

OO 

0667463 

5-17 

0672046 


0675293 

17 59 

06935C2 

25-42 

0691099 

31 54 

0697345 


r, «a6674e3^'0'0,8746d/ fa 02307 


J nilinf. 


1 *. 

• KlO*. 


I* 

0-0 

32-94 

0-0 

0962634 

1068 

34-54 

5-25 

0966759 

2048 

36-35 

21 89 

O9S0373 

30S8 

38-25 

3063 

0987713 

39-37 

4025 

5012 

1 -004489 

49 69 

42 78 

41 65 

0997117 

3004 

45-08 

6235 

1-015319 

73-56 

48-88 

7904 

1-03074 

83-70 

52'43 

98-95 

1-05003 

85-30 

52' 10 



^ 0 962634 + 00,79697 1 + 0 0,8005 1 . 


^ 1-004384 + 00,86953 {'- 50) 

! 0 0,l2s8{/ 5U) . 

(50- -lOO-'l 


Ethylr.ur ('hhtruh . 

(*. «xlO*. 

0-0 49-17 

lOHl fiigA 

itf3l fir>3i 

2051 6553 

30-52 60-09 

25-45 57-72 

27 23 69 56 

3016 64' 1 6 

50-23 6095 

59-79 75-67 

73-50 85-02 

*. =*0779738+0-0,86779 /fOOJ 459 
-0 916786+00,9842 (/ - 40) + 0 0,I843{/ 40) . (40- KQ" (. 


Acftic Acul. 



aXlO«, 

/•. 

r. 

l(^-98 

75-10 

19-36 

0951801 

29 65 

81-36 

24-97 

0-957685 


87 19 

2954 

0'9623HI8 

39 37 

86-73 

34-26 

096737 

49 23 

93-57 

39-57 

0 973016 

^-oso 

lo2'03 

49-69 

098393 

77 44 

1 U-00 

60-04 

099551 
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Ifitfhrnnnl ('tmxirrf ^!(ff>ilt(ifs and Wduca p^dv/dl, 

V*!iu<^ of dvjdt w(^r^ (M<*nnini‘4 l»v dilT^rf^nOMtini; tlir rfUKOiMns 
. .-n in tl>6 fotfrgoinjj l<tl>!eii. For tlio wi<jrr li‘3ii|M‘r.ihirr riifi 5 ;i*s 
^ rj'* two wjuatioijs woro iM't'ossary, it \v:»s fomi.l tlmt tlu-ro w;is 
a Blight hroak iti tfio continuitv <if tin* dr >h \\»Iitrj< at 
!ri!'*rJiitHliatC' point. This hnsik was nojicvc*! hv plndinii^ tho 
au‘i Uten drawing a Mii<H)tjied mt v*-, fjcoj whji h valiirs of 
, /' «>*re r^id. Tn addition, th*' arcnrary (-!' tin* i.'Milf.>s was 

r-kid hy calcnlating (Ihmu in aiiotiit-r w.yy, Tlio momii valun of 
i’- .;f ciiich pair of siirrrodnig jif.lrits was dolorniinod by 

► ■f.vrling the Bptn'ifii* vcdinnos and diviiling hv I ho 0 niju-rat nr<* 
r.f'-n’ii 4*. Tho result was taken 0» rof'T (o tin* mean tempi't at nre, 
'^Hi. by plotting a enrve of all the v.iliies tlms obtained, residis 
'T** obuinwl at regular tetiijn-ratute irib r vals. wliieli, in general. 
rrNsI excellently with the values obtainerl fnnn the e4jNations. 
Irem tlie values of dr^df and the adialiatic eoni['ri‘SHibi]i( ies, 
of the isr>thcrmal (‘ompressjlnhtv /3 have been ealculat^sj by 
' d the therniodynamio espial ion eiven in the int mdin (ion. A 
.arb^ige of the speoillr heat at constant pressure (f/,,) is also 
e'ssyiry. As already explained, comparativelv largo errors in the 
>‘W quantity aflfert the calculate*! values of 0 Init sligliMy, and 
'I'eeuil determinations of specific heats have made, but 

"'.;U cbujirted by other investigators liavc' U-eji ridied on For 
'‘ J'*?;** ami <*arboii tefrachioride, (fie specillc heat del^Toonat ions 

' MiHs and McRae (7. Z'/^yxov// r7/^//o, FHO. 14 . 7d7. KtJ], 
have lieen usofi in the i alcnlat ions, Sclnfl.s resnljs 

■' 1886, 234 , 3<Mt; Ztxf'irh. IHX?, 1 , 37 Oj 

N* efijpjQyg^ jjj j.jjg tases of toluene, w xylene, ethyl aoetaU*, 
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A . R*«nault’» re^ulU (‘'KeUtions d» Kxfi;. 

aad , 1862, 26. 262) for carbon dL-u!! ;..., 

^ ^yj ^odid^ chlw)fonn, and ; 

T,-., i’.z i" '-i 

M 39 17 1«J were u«d. In a few other caae^ the vai .. „ 
of several ol^rvere. The« are given in the UWea. 
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even wppoting that thw value contains, say, a 10 per cent, 
then the conjMVjuent error in the value of the adiabatic 
hilitv ia only 0 3 per t-ent in an average caw. It is evidem 
"fore, tfiat very little error can arise from this source 
accuracy of the calculated values of $ depends chiefly ; 
accuracy of the values of a. Errors in the determinate ;,. 
(ivldf and liave little effect on the value of For exa- • , 
a 0 per 4 'ent. error in the value of Cp in^oducea only an err r o 
I to 15 per cent in the value of 

ft must l>e rnnurked that whilst the observed values i 
adiabatic compreMibility refer to a mean pressure of al<.;‘ ;; 
atmospheres, of dr/df and of €p refer to the norma! 

splient: pressure. Tlie effect of pressure on the value of o u * 
small, however, iimt the rtiiulu may l>e considered as all n 
to the altiioHpheric jpressure, wuthout any appreciable err> r \r.it 
made In none of tlie ex peri me nU was ol»served a chane" i 
with a ciianye fpf jjreaiure of al/out half an atmosphere, Ii -kT 
1)0 f‘l aimed, tfn-n. tfiat the values of tlie comprmibility 
1>V this method for low pressures are far more accurate than 
olptainrd by th*' dii»?ct method, which yields very discordant u 
on ao ount of tfo* evolution of a very S!iial! but imporUnt (( ii;;',,:? 
of float during compression. Tlio effect of this evolution ■ 
on tlie results obUined by the direct method will l>e easily 
oiated from wdtai is explainer] in the note at the end of tins ; . 

hi t'verv case excejit water the value of both the 
ami isothfrma! i’).mpn*ssibiUty increases with rise of teinj^vr..' 
tfo* increase fieing tfie greater for the i-sothennal compr.-v 
For water, botfi cumpressibilities show minimum values. 

dim theoretical ajiplication of the results obtained in tni' * o 
are reservivl for a future [laper. 

A’ofc (./( PrmnXA Ut trr!niiuUion$ of the Comjfrr<-<i- u* - * 

of lAqtiiJs at low I'r enures. 

On comparing tiie compressibility measurements at low 
witfi st>me rc.^.iih.'* of early investigators, it was found tiiat r''-’' 
wdiicfi w'ero considered bv tlicir authors to be isothermal are 
adiabatic. 

On stmlving ifie work of Quincke (.4u?i. Phys. ^ 1"' ■ 

19 , 401), it Wits found that, judging from his metho-l "f 
minatiou, fiis results could not possibly be isothermal, ’ ’* 
undouliUHlly adiabatic. The same was found to be tie* 
the deU?rnunations of Grassi (.Inn. Chim. PHys., 1851. ‘"-c ‘ 
437), of Amaury and Deschsmps (Compt. tend.^ 1869, 68. I 
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CoUodon and Sturm (d,.» Ch„„. Ph,, , ijfi; fiji og 
,„d of a few other inveMigators 1, U Important' t« 'point' 
true nature, the roMdu of ,he«> investigator., Wan„ 
have alwa^ bwn recorde,! in tables of pl,„i,,,l constants and 
j,.:,prr!.ra of liquids „ isotJiermal comprcssilnhlies (see, for 
Undoit^Bornstejn, “Tabellpn. 

«naiderably from the isothermal com- 
,ie«ibt!,ty detemnnatton, of later invest, gat, ns, a matter wl.i,.]. 
to have catiseii some surprise, .altlunigh tl„> r.ason „I th,. 
ww apparently never disroveretl 
When a liquid is compressed by a .small |,reasnr,, say 1,,. 
g.«pner|^ there ooiu^ a small rise m Umiperaturc anm, 
u * few thouaandtha of a degree, yet snfFunent. if tT, 

naie s .Merence of 10 to 40 cent. i„ th,, i, 

: .trossib. ity and, as can be easily nnagimal, th,. elimination of 
,es « -mall change of temperalnre is c.vcmii„glv .iiHicull 
It can MStly understood, therefore, that early ittvest , gators 
..c,.r»,.,t of this small cl.ange of tetnperature, and' «si„„ thermo' 
cte.-s scarcely sensitive enough to .letavt it, wouM obtain not 
cs 1 », therms] compreaaibilitie,, whi.l. they were attemplin’o t,. 
aamre, but really adtsbal.ic cumpressibilitie.,, or, more lorrwtlv 

Mtr majority of cases, resttlla which lay IsUw,.,,, ||„. 

M iiMiihfrmal values. 

yimckes nmthod of investigation w.uh very simil.ir ,n pr.ncple 
mat uesertM above. Jfe operatcsl at very low ,.r,.ss„rea, the 
c>..t l.., used being, fact, little ,„„re than ,„.,rc„rv. 

c latent heat liberate, I i,, the conipc-ssion wool, I 1„. a,,,;,, 

■•-Ik- umetectabe, and it ts qnite ,mp„s,„,,,,. .i,,,, „ 

I S ..mm ,ty of this heat should have disap, I d„ri;; 
.,-mnv„t. Moreover, he mention.s that he worlosi a» ,p,i,.klv 
*..1... ,ts then beUer results were ol.tained, Quin.-ke hiinself 

-ttot .appear to have considered the ,,os,s,l„l„v of 

•e-t ,i„„.,g the compresston, 1., tl„. table' ladow Qnimke's 

‘ets are compared with the adiabatic ami valm-s 

-4.. this paper It will be seen that t|„.r,. .» q„iu. „ ,.|oa„ 
;~.a«,t lietween Qu.neke’s results and II, „ adiabalic values 
«^^ves no room for doubt that Q,„„.-ke'« values are really 

Oii. Itoc. r,(.) used a similar form of jiiezomeler to that of 

,, , ‘"S*'*'' prfssiirea, the heat j,ro<luced i„ tl,,, com 
aoiild be so ajipreciable that mud, of it would be lost 
■ time of an experiment, but at the lower prce.sures the 
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toint, region would J* adiabatic, or approximately ». Ko*. . 
iMthrrtnal tomprcjaibiUty ia much greater than the ad; . 
Ora»i found, as a i oiiser|ueuoe, that the compressibility of 
*increa.ses with the pressure, whereas it really decreas. . 
iMtanee, it will l» **11 in the table that for ether, alcoh 
chloroform the coinpressibilily, according to Graasi, is ei.-, , 


th» hi^^ier pr<rsrturfe». 

It wil) U riotic«<i tliat where a coiiiparuicu wah tlie ; 
authur i^ rei^aiu at one to two atmospheres in j>ossihle. i: 
rHsullH tjuile welt with the acUahatir values. U iuay U 

clmh**!, therefore, tfiat for the lower pressures Grassi s rc>u. 
ftliproxl.naUly adiahalir. hut at the higher pressures 
iH’twfen tljtr atiiahatio ami the isotliermal values. 

Amaurv ami Desohamps (hn>. at.) nwole compressntilu y n. 
ifjents U lw^ti I ami lo atmospheres' pressure. For a .hii 
presiHure of 10 atmosplieies there wouhl he quiU an a|.| r- 
fhatige of temp**rature, hut as they U>ok minute readimjd 
voivtme cliaut'o au*! eliminate^l what they cousidereil to t.*- 
drntal t'iiaii-o'.s i.f temperature hy plotting the readings aii-u: 
time, ami extrapolating to tlie zero point on the time it 
thetr restills would he approximately afliahatie. The pr^xv; 
Uieir e.xjieniiienUs heing higher than eorrr^spond with > 
results, a IH to he e-xfieettvl that their values will he 
li>wer th.rn the m-vv adiahatie valm*s. 

From a st.mly of tiie early experiruenU of Collodion iih 1 

{.1/f/i. f'lnm. rhys., 1S‘J7, jil], 36, 1 hh 1 ' 

l.soH, 12, :iD}, it would appe,ar that their results 
a fleeted liy the m‘g It genre of tlie latent heat of comprt-^^. 
tltat their values are, as it were, ])artly adial>atic and i>trt 
t herm tl 


gf 


? 

£| 


hi 1 





Qmncko 

(W. , f.) 


00" 

00 


t arlion disiihihitle j j-j.q 


Iteh/ene 

Ktlisl alc«'le>l 

Utlicr 


\ 0*0 
^ 16-7S 

I 00 

I 17*51 

I 00 
1 14*32 


1—15 
1—16 
1—1-5 
1—10 
I- 1-7 
1-15 
1 — 17 
1—1-5 
1-15 


50*30 •'-'ri'' 

63*93 -'-S-! 

03*78 59 3:- 

59- 70 

66*10 ^4 0e 

82-82 

07*45 !M "> 
115-57 1U5H 
134-23 I-’- ^ 
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TAKT V, 2r,,=l,1 


KUiyl alcohol 


^Idoroforrn 


lrs*urv j „ , . (0-0 

tj J I alfKjhnl I 

, Eil,cr I ^0 
t 140 

, ) H arljon diaulphulo U-o 


Pm-siUtr' 
foUMti t* 

no uiilut^nca 
On the cyuii' 

proBsjhihty. 
1—7 si 
1—3 41 
1— 1 5S 
1-8 3fi 
I 2 30 
1 »’40 

1 1-57 

l-S 07 

I 120 
I 1 30 
1 102 


1^1 ly M 

V i ir^ llr 

i 

<V>S MV:,\ 

i'Mi 45h77 40-77 

4S (» 48 2l> IS 2'* 


lU-30 11^2-07 

132-30 J77-ti 


s3.s;. oo-o;, 
yi-1 02 r*o Uni 

1090 U4 :t(i I r, 2-97 

12S1» 132-30 177 0 

03 .’'i ;.S.2,S yo-j 


T;-.- r«i.lUof other investigators were e.-,, rie.l „n, at sulh.-ientlv 
c I.ns^ures to ensure the complete el.,„i„.,l „f 

ita.|, radical part of the rvork was earned e,„ ,„ -.I 

■-en.tr5- lalxrratones ol the Univeratly „| Ceneva 
Tftr, UsrviEUNiTT, 

M^ViHDtTER. 


lun-cs i,< .l/r„/,„/. y 

Dropping FJertrodr in AIMolic .Suln/io,,,. 

By Eogau Nkwhkhy. 

II'" "< ^ix-entratton eell, 

- -e to furntah the most s.al.slacla,ry method of comparing the 

•;;* narntc polent.als of an electrolyte in two ,iil„te scLuts 

dlrwilh ' ■" 

■' "'ie(.an.son of the Ihermrxiynamic potential of an elecIrolyU- 
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m 0D» tolvcnt with that of the Mine elecWolyte in aiioth«r 
cannot at present be made, previouB atUropU notwithsUiKiiL. 
any known cle<trometric method. The use of concentraii 
cofiutmit^ two difTerent soivenU mu»t at present be ul 
exc}u 4 » 3 ii, aa tlit* fK>tentiaI difference at the boundary cai.n-t 
deternuned rlirectly, and cannot even be roughly ^imate,], ^ 
.alcuUiioua involved must be based on theoretical aasuu.pu.^, 
which would have a purely speculative character. 

Kor this reason the work deecribed in the present senes oi 
ai ir-iman. Upworlh, and Partington, T., 1911, 99, HIT, 

191 ::, 101 , 11249; this V oh, p. 2302) is being develoi>ed aloh^ f^i.., 
fjiflererit wim h it U l>eUev6d may ultimately converge - , 

more pr<j«iiiiing jioint oi attack. It is sufficient at > 

indicate that this |joint is considered to Ije the detennination ,,f 
difference in abs^dute jKjtehtial of two electrodes, one in any 
a hie aqueous solution, ami the other in any suitable aloe. 
solution, and for tliis jiurpose it is clear that the precis*^ 
of the .ihsniute potentials are not required to be known; 
tlu‘ m liter is greatly siinplihed if conditions can be d- v;...: , 
Unit liic al-s/iliilc potentials of the two electrodes in > 

idtnticah 

Direct dctcrinination of the absolute potentials of eltcu dM , 
Holutions in both solveuU offers one possible line of irtvrsii.vc; • 
anti (jI methods hitherto suggested for such determin.it^ 
droffping electrotie and tlie capillary electrometer aro tic- m 
devices which it is necessary bo consider. It is well kn--w^ 'm: 
there are great dithculties in reconciling the results ol t.e.r. .; 
the uh 4 ‘ of tim.s*- two instruments even in aqueous soIu{.< 
there are aheadv reasons for supposing that the most ra]>i-l j r 
is likely to t»e made by further study of the capillary eh*- tr- -v- 
The present eonimunication furnishes additional evidence ut 
untrustworthy character from the present point of view c > " 
menu made with the dropping electrode, even when Ih- r-?, > 
exiiibit must perfect consistency, and in later comrnunic c, ' ' 
will bo shown that the capillary electrometer promi«‘s to jr 
the material neccs&My for bridging this gap in the aiiph Mi 'a 
electrometric methods. 

The dropping electrode lias been applied to the deierinn-t; ; 
absolute [>otentials in aqueous solutions by Pascheii (.1 > • ^ • 
rhrm , 1890, [iiij, 41 , 12) and by Palmaer (2rj/.*c/o /c.--- 
(V»r.7i , 1899, 28 , 259 ; Zrttsrh. f'Ukfrnchem., 1903, 9 . . d , m. 
others. 

The apparatus uso<l in the experiments described in toe 
conuuunicalion was similar to that used by Palmaer ** 
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■ .-N -ti.COHOL RARTv, 

1903. 9. 755), l,..t will, ^ 

,|. rrr«ure on the mercury was ohuin-j i 

vtmii with Uie mercury (irouiylr “ ‘*''8'’ 

I «uv.^-lin«l pr«.ure tubin.. SrIT' _>; ■—>* uf «0 cru. 

:i The electrode v«»e] was arratK^Arl ^ ev . 
rjssenirti in a thennoetat at ^5^ it could Ih) 

(3,. A ™.ll buretK «, hol'liiig _ __ 


could 1 h) 


. waa nitAvl to tljo 



-I .....titiee of a'^y .eou H ‘'Ti"' 

'i.nratus. ^ ‘ ' willioul .lislurbing 

■- -- houra ir 

ail the eiperimenu f an-1 conlinii,-.| 

"> those whore l,y,lr„ge„ 



2556 :^KWBrBY : ELECTKOKOTtVE rORCCS IS' ALCOHOL 

PoUntiai were measureil by means of a 

calibrated metre pfjtentiometer wire, a Weeton cadmium c> . . 
Ui(yi as ^ndar<i, and a sensitive capillary electrometer a* . 
inirt:rumenl. 

(’o line* ion ul tbt' ]x>teiitioiiittcr with the dropping , 

iii/ide by lueariA of a platinum wire dipping in the luerciirv 
jicar »ha|;e<fi vc*-4fcl, and with the still mercury by a pUtiSiu:; 
dipping in the end of tlic syphon tube D. 

I IS ilie leading tulje or tlie exj^rimentai calomel clecii i, 

U tu’ta» contained the same liquid as the calomel tCr-f?. , 
vessel. 

Wttfi a pressure of o atmosphere*, 250 c.c. of mercury > 
twenty-four ho\ir» in .V'/ Itbp^^tasaium chloride. 

(uj As a preliminary experiment, the absolute K M F 
ralomel ehM.tro<io in A/ lO-potas&ium cldoride solution at 
tletermined. In this cxj>erimcnt tlie following observatioi.? 
interest ; 

(ij Ha[)id fiuftuations of the potential of the still mero ;n * . 
observed wliet^ tiie potential difference between the drup; ; 
still mercury cxceedi^<l 3 or 4 millivolts. Tliese fluclu'ili<,:;> 
observed by I’almaer only when using hydrogen sulphide in i- r: . • 
It is null solution, and were attrilmted by him to the prc54L.> 
so! If! mercury suljihifh*. Similar fluctuations are, however, iJ . 
in many otiif-r ca-e^s, notably wdien the single potential i - 
catiiifde IS mea.sured during electrolysis of a dilute acid T;- 
tnatioiifi ate tiierefore in all prf>bal)ility dne to the lack • f \ - 

^‘tween the riolulhui pressure f>f the metal and the osmoii.- i n ■ 
of it« loiiH pr«‘S+Mit in the solution, 'they tnay bo completeK 
t>V the adflition t>l a solulde iwilt of tlie metal in rjuesiioi;. 

(ii) 'I'he null solutions usoil by Palinaer at IS^ were l' ;nc! ‘ 
unsuitabie for nso at 2.V’, a greater projiortion of potas-snnn tyre 
being requiied to render tlie wdution null. 

in the first experiment 40 c.c fU’ a sohuuui * : 

U'LV pota.ssinm chloride, l) ul A -potassium cyanide, ti no*. « s 
liim liyiroxifie, and mercury cyauiflc were ]*!;«*• , ' 

electrode vessel, uud a similar suliilion without any ni'-f' - • " 
and with fen times tiie cfvncenlration of potassium f v c. • 

ptaiajd in tlie small hiirette. 

Henderson s equation was employeil in this arnl otin-r 
determine tlie dUfusinn piitential due to dissimilarity - f * ’• 
in the dropping elei trode and calomel elect rtMle vew'l'j r- -n ‘ ’ 
In all cas*‘s it was I’miml to l>e of the order 01 miiliv*> r -■ * 

therefore neglected 

The fifllowing table gives the last six readings, wlnn*' f ■ ' 



; EUCTROMOTIVE FORCES IN a1.<\»HuL. FART V, 25, 'jT 


{h*^ iiliretfce reading in o.e,, II iht* of ih^ oa)oiiml 

ajtioii tH« dropping iii**rcur)% sod 11! the difference of 
between the dropping and still oieicurv; 


1 

11 

lii 

Ol4 e c 

0-5: l wAt 

3'2 iniiliN aU« 

o2I M 

<1575 „ 

O S tiiiilnoit 

O-tSt «• 


OO 


it582 .. 

no 

o n .. 

0*584 „ 

0 6 

04^ ,r 

0 611 

16 


H«; 4 e the gbaoluta potential ul ealunud eieelrode ni .V lO ftotasa 
j:a ciilornio solution at 25“ is 0'582 volt. 

Tr.iS tsperiment was carritvl out throt^ times, giviiiir the x.ilurs 
o5j;2, and V)‘583 volt rof>])eelivt‘U', tlm mean ie>ult hemg 

:>J VOit, 

As«ut“ing the temperalurofoeffH'ient. of the dteinoutial caloim l 
i :ir;4e U) be 0 0008 volt per 1 \ this would lend U) tlie vaitie 
vJi at IS^, as eompared with Ihiltmier s value of U :>71 volt. 

' , AitetupU to determine the alisolute potoutiul of the r.donn i 
in saturated alcoliolic ivdt solution were made, tin* t>.umj 
:iMtusl)cing use<l, but witli the following niodihealiojis : 
ii The calomel electrode vessel was sjKvially made with wide 
;.r,g liihe and wide bore tap (1 mm.). 

Connexion betw'cen the two eleetrode vejvsels was tuade hv 
the liquids into actual conUui jnst<;ul of using moist 
!' 4 j***r, as was done with aqueom. sulutions. 'I’his was done by 
f.nijj tiie pinch'Up at C and sucking the ,ur nut of the joint, 

7 A delicate Ayrton-Mat her n llei-ting i;aK ant)nn !, r u as used 
:,j!! instrument insU*ad of the capiijiiry e!et tioinet<<r. 

I!> b lution in the electrode vt-ss^*] was lU < e uf a ^.iluraU-d 
ft ef pure sodium ciiloride in jmio alcnind pined over 
l.ji.i, io which was added mercury <yaiii']e until 

T." hurelte contained a (rt)l .V solution of sodium ryanide in 
r i j'revimisly saturated with jniro ,M)d]um cjiimiijo 

fuilowing table gives tlie last live readings, (he ligures 1, II, 
oivmg the same significance a.s before; 


J. 

Ji. 


O H e c. 

0*330 volt 

31-0 

0 32 ,, 

0 330 

2l-t 

0 54 „ 

0-3.31 .. 

liMi 

0 0b „ 

0*331 .. 

10 

07T 

0-331 

.3 1 


'V>hilc potential of the calomel electrode in saturated alculioJic 
t.T, ridoride solution =- 0'331 volt, 

A ♦^cond experiment by the same tnelliod gave tlie same result, 
'■‘h rv. j, 
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A I bird «x[H»nment, uwng 0 07 .V sodium salplude sc*! iv 
plac*© the* cyauide, gave tV^‘i9 volt. 

A fourth <jxj)erimeDt made six uiuiitlia later witli a ^ 
yolutir.ns similar to those used in the thini experimeut 
0‘3'29 volt. Average of the four re<HilU - 0 330 volt. 

(r) An attempt yas next made to determine the aUsolou- 
tial of the cahmiel eledrode in saturated aqueous sodimn 
solution. 

(i) A saturated solution of pure sodium chloride tor.u * , 
0 (>00125 *V mercury cyanide was placeii in the electrcnle \>^v; » 
a similar solution conuining O l.V-aodium cyanide in pluce c; 
mercury salt was put into the burette. 

On adding the s<)lulion from the burette until the 
of the so4liutfi cyanide was two iiundred times that of the 
cyanide, the jxjUMitiai differetue Ijctween the falling an i tU 
mercury wasi rediucd from 500 to 50 millivolU. Furtht-r ^ 
of smlinm cyanide produced a still smaller effect, so that n a; > 
to fxs imposjihie to produce a null solution by this tneli!*«j, , 
was therefore abainlonod. 

(ii) I'nltnaer's method of obtairiing u null solution l>v 

ga>ieou.i iiydrogen sulphide tlirouglt the liquid was then trv ^ ^ 
in»U‘ad of adding acetic acid to reduce the ionisation o| ; ■ 
gen sulphide, it was found necessary to add sodium hv ir i * 
imrease it. After making the 8;iturate<l sodium chl<>r;d*‘ > ; 

imiirly centinormal with rrsj^ect to sodium hydroxide an ; ; o v 
liV'lrogen suijihide lor eight hours, the poleiiLial difTen-! -*- u ,-,i 
tlifc dru]q>l[ig and still mercury Imd only been reduce*! ; 
volts. The ligureji uhtained sluiWed tiiat if a null v»[iU: ^ 

be onLaiiied i*y tliis method it wuuM proljably giv* ,i / 
more tli;-n O b volt for the aksolutc potential of the <, 1 !.!.. . 
trode in siituratwj a<jueous s^xiium chloride solution. 
experiment slmwed that thus result is undoubtedly U>o iiid' 

(iit> Siwlium siilpliide was tlien tried as the agent for 
the c(>iU'entiation of the mercury ions, a 0 OOl.V^soIution 
ated sodium chloride solution Ijeing place<l in the huret^-. »• 

‘If) c.c. of a sjituraled sodium chloride solution - u-. 
0’('K>0125.V iiiercury cyanide were placed in the electr<>(i** 

A slow current of pure iiydrogen was passed through ■ . - 
The following Uble shows the results obtaine<l, the hgum' ’ ■ 
111 having the same slgniticance as before [‘2(«)ii], whibt <■ " ' 
shows the time interval l^etween the readings; 
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11 


i^OU 

tve. 

(F»573 voll 

.Hm 



0579 


I *4 

»* 


277 

1 iO 


0-5S*! .. 

'm 


,, 

059.^ 

2lK5 

2 23 

„ 

.0-50I 


252 


0 594 

230 

2 TO 

„ 

0-595 .. 

174 



0-595 .. 

S5 


,, 

0-595 

60 

2i»2 


0 595 

3 i 


„ 

C^s593 „ 

10 6 

2 92 

.1 

0-593 

23S 


HI JV 

3U 
30 
30 

•’ -I hotio 

■' 30 tiuuu(^>2i 

30 
30 
I'* 

30 
1.^ 

>' -1 luniDi 

Ft.s;i tins ul)le it will be s,y.ii lluit n null snimi„ii is reiuliK' 
,<iiii«l liy the use ni sotliuni siilj.hnle, t|,e ],„u-iiii„l „l the 
mercury reiiniiimig consUiu wIiiIm, ih,, ,,„ient,,.l il„. 
,,i iwrcury altered by 200 milluolis. Tlie ,„l,l,iu.n ,d s.„lu„n 
-eliimie ouly affected tJie jmleiitial iil the ,lr,i|,|.,iie mereurv l.i a 
..y miall extent when near the null |),un|., although the' effect 
greater when far away from ii. 

Tte effect on U.6 potential „1 the still mercury was rema.kahle 
a t,, ugh at first It was comparatively .small. When near the null 
pmt, however, further additioti of so, I, uni siilphuie, siillicient Ui 
Increase tta coiieciitratioi, by 0 00tltfi).l , l„weie,l the puieuluil hv 
r te than 100 millivolts, the greater part ot tvlii.h took pliu'e 
u a.m 111., hrst ten niiiiutes, reaching ll.e uiaa.uium alter about 
l.'treorfour hours, and then falling again. 

.timtiier remarkable feature of tins e.vpei juieiit is the a.curacy 
t, i rrrUinly with which ihes., results may he ie|uo.luceil. Thu 
cn-tiii.enl was repeated three times, using fresh solutions each 
:.,cs hut loxactly the same result pj .a'J.O volfj was ohtiumsl fly 
..-tm.x,tmg the mark with exews of so.hum sulpln.le, ami stihse- 
is..„tiy returning to the null puiut by a.ldtimu of mercury 
riraue, the same result was again obtaiue,!. Also, ,.fu.r the sertes 
.'rrwrnueuU had tieen cmupleU-d, the appa.atus was dismantle,! 

..cl asu lo for s.x mouths. It was then rel.tic.l, new solutiouH 
I - malerials from other sourts'S u.s»«l, ami tin, aliove e.xperirueut 
•,'i:e<l, wlien exactly the s.ame re.sult was again ohfaitusl Amtin 
' last hue of the almve Uhle, it will he seen that by allow’ 
WhielUjUtd Ki remain (with the hy,lr,.ge„ passing at the rale of 
.uhhue, per miinite) for twenty-mie hours, the potential of 
‘ '..II mercury had risen again nearly 2,00 millivolts. On addim. 
»>Jmm sulphide the null ,,oint was again reachcl, ,an,l the 

■Jl; '"'it- The actual 
, 0 sodium sulphide present llms appears to have little or 

i-Tt’,!" """ an, I 

can therefore cause no [wirceplible diffusion potential, 

Ji II 2 
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(iv) A stmiUr experiment tvu carried out with a normal 
of to^um chloride in place of the saturated solniion. In t 
a greeter conceiitratiou of sodium sulphide was required to 

nuiJ s^dution. The iiuctnalious of potential of the still [ 
were aUo greater and more [>ersbteDt than in the previous 
Two deterriu nations gave identical r^ults, namely, O oai’ 
the aW^iute |jotential of the calomel electrode in a norma) 
of sodium chlortde in water, 

(v) When a similar exj>eriment was trieii with 0 l.» 

cldoride solutiori, the Huctuations of potential referre^i v 
ouKly were very violent, at times showing a variation of ^ 
volts, and were never entirely aUent. Also a higli | 
E M.F. to Vkj generated hy the dropping raercur 

touching any metallic connexion on the apparatus with i\. 
or an tartli rd wire al once gave a large deflexion to Uie _> 
meter, wiiicli LouUnueii until the earthing body was rem--, 
the direction of this deflexion was determined by tlie s; i> 
galvaiiomeicr wliicli was touched, it was consider^ ailvi 
insulate the wliolo apparatus on blocks of paraflin-wax befi,i 


further rea<lmgs. 

Three (leleriuinalions of the absolute potential of tti>* 
electrode in U iT-ar^ueous sodium chloride solution gave \ l 
0 534, O' 535, and ()’535 volt respectively. 

(vi) It was found possible to produce a null sobni-.ti 
case of deci normal so<lium chloride solutions by the use id 
cyanide and also i>y the use of hydrogen sulphide ami :u • 
although neither of tlies*.^ metliotU mild lie used with lii*^ 
solutions of s<}<lium cldoride. The use of sodium cyanide 


following result; 


Alisoluto potential of calomel elwtrode in A'/lU sodm-', 
solution 0 579 volt, 

The use of liydrogen sulphide and acetic acid gave ; 
Abstjlule potential of calomel electro<le in A'/ lO-sob 
solution U'57o volt. 


Summart/, 


The following figures are given by the dropping dcci 
aKsoInte potentials of the calomel electrmle in tlie sohi!: 
at ‘i5'^ ; 


In saturated sodium ctiloricle [aqueous) 

.. „ (alcoholic) 

„ nt>noal .. ,, (aqueous) 

dt'cm»»nmU .. „ „ 

„ „ poUb^siom rhlorido „ 


(■0 

0.595 volt. 
0*329 
0.552 .. 
0-535 „ 
0-572 .. 


u 

e 



ELECTROMorn E forces in- u.cohol, part v, 2,)(i| 

%nw» in column (,.) were ol,tAine<| with the , 
*ulph.K those in (6) with an "" 

Of ’.hm» figuiM, the value given in ih\ t,; v 
,;Jv>rs=i“ solution at 250 uiav !«. t^ken as , ,„r ' ' 

, . nearly the «.me as tha't „htai«e<l In- ' ‘‘“T'l ** 

for temperature frt)Fn the kn.m-i a' ' 

.Wtrole, and ia also supper I hv S :i 

.«lUrr electrometer with the 

The value given in (A) (or .V/U)s„.i„„„ ,hh.r, )e i ■ 

Ii»> he taken aa approximately correct si„„ it 'i 
r^SrcItJ of that for potassium chloride. A concent r^r ‘"'ll '"T 
.Vniel electrode and .V/ 10 solutions of Z' ' 

reamum chloride in opposition showe.1 »„ y y J ' ''l"' 

aulhvolla O' aliout 

Even s .U|«rficial examination of the remaining f„.,.res will a. 
show that they cannot represent ir,t« i " 

Vpetenlial of the calomel electrode accnrdine to Jhle'’rr''lt 
,.r!c« in the saturated solution, and le.,st Tn the , Ti' ' " 
■Vs ss .hrectly contrary to theory anil will I i i'”* 

■111 to !e contrary to' fact. 

Arprrently the u.,e of the alkali .snip,,;,,., , 

I :r.,! or the abnormal results. 1, was made „s „f , 

the only substance found that would „ive „ 

: o. w.il, the stronger aipieou, solutions, „„,| 

' . i rt^uniiihly fives true values at least in >'*nifh, 

»«'lium chlonde solution', I , 

■■ P-I for the sodium s,„phl„e t Z’^Lr 

: '-.e rttore concentrated smliu,,, chloride 'solu.i n “ 

: wpport^H hy exp.rjMient.al facts fnr t 

' ‘‘-"'fiance which’ murw'rl,izlrin '"".y '7'( 1 

of fha r , I 111 any sat isfatlorv^ 

’■’ ™ a future ° ' ' ''''’f''"*'’ '■«<'troile, for it will he 

"-tore communication that these resnlls, al, hough s, 
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('('XXXVlll. '/■/«■ CompoMlwH of Co'il. I’ort /, 
hVi.IvU, Tkkv,,,.. .los.-,s and Rkh*h» Veunon Whem-. 
,,;„,.vinua.:o.n, -at, on (tl.i. vol„ p. 140) the ro.ul, , 

'ilTirir 0 :;. t,,at .1-™ d.d n«t ap,-r .0 i. . 

Twnflf!lon,l„.,e,i thatond,stiUa,.on at 4 . 0 ^.n..^ ^ 

K v;.*lrlca lx“ii(W‘S yascoiis ]>ro<lucU au-l 

’.'■t"""' ond«tiUinM>.-- - 

1 ' u-'" ', ',Vi',-',l .s oitrh 1.0', li,,,; above :iOii°. The oiU ho.i-.t : ■ • 

.nandy of nn.a.nrated 



tain the Siin.e voiupounds in anmlar „),1 .1 

The wcnrre.ive of aromatic compounds in the 
lower temperature reiinires explanation. , .,1 » 

’ racoUinve with a general theory reaper ,,^0-' a i^ ^ 

of • roal,” put forward to explain J*!- " , ,1... •..r'-u 

various t.vpes of compounds found in coal distill ^ 

in coal was as.s,imed of hydrogenated aromatic , 

molecules), which, it was suggested, suffered 
.ititig hydrogen, at temperatures not much Wow 



THE COMKWITIOS OF cO.iL. I'aKT II. 


t Hi Whicli diliy,iron»phlhal 6 ii 6 lias lH^e.l fouii.i to ileconi 




\ \ ■ 

1 , light of iJ.e rosulU r«onl«l i„ tho 
t,,.i-wanan of this theory is require, I. so far as it alT,,iv the 
u* niAU‘‘ rompouuds. 

If., n!«-hani(un of -iecompositnm of .santoiiou.s arid (' I1 o 
«r,v,.t hv Caniiiixaro (f/orrrft,,. 1881. 13, 385), suggests an iil'ter. 

This acid decuniposes hetween 300 “ an, I ;!,ul ' 

;:.Sy i t aimethyl.OfSdihv.irufiiiaphtl.ol pro|„on,e 'ici.l i„ 
tr fallowing manner : 

‘ CMo(’|| 

V/ \ .\ ^ ‘ 

!-H‘ CH*CHMo‘Ci>ji nor r 
OHO hi, ‘ 






i . .n «nalogau8 way, the loonatiti,, of naplit hahou. tin.valivo. 
t ‘ nydrogeftated nuclei in cun] can he e.\p]uiiietl : 

CH CH 

CH C CHK / \ 

hi 6 6 h, X . / 

CH CH 

\ . r-iing to this decomjiositiftn, eliniination <,( hv-iiocm floes 
' 'tfKTWftaniy occur. 

Xhtioiial evidence of the oixnrrence of free parallins m o,,,|, 

■ • rr.crence 'm made in our previous paper, liaa heen ,il,l,u„u,| 
*^1 «n(l Hlbbert .Ifavchrgtrr /‘hil. Sor 1913 68 

__ the course of a research on the soluble 'porl.o’us of 

'tX " P"*'’’"’ t-hey iilcntilieil with liepU 

^ Hus paraffin appears to i» the same as that, desiTil*,! by 
arXrr^* weight intermediate belwwn the values 

‘ '>T ( and {loc. at,, i>p. Ml and M3). 



HIE tY>KW)»ITIOS or CXiAU PAltT U. 




EXPKRlXXdtTAL. 

One and a half kilos of a Durham bitumiooua coal, in 
about 0 3 cm cube, dried at were distilled in a vacu 
3.V>' in the manner described by Burges* and Wheeler (tLi 
|t 131). The temprature wa* maintained without int^rru 
daring ten days, at the end of which time gas had practical!. . 
to be evolve*!. The coal was allowed to cool, removed fr 
retort, well Btirre^i, and replace*!. Heating as before 
continued during fioven dap. 

The total ainounU of tar, oil, and water collected were 


Tar (No. 1 receiver) 13'5grattki 

Oil (No. 2 receiver) 6-2 „ 

Water iNo, 2 reCeiiveri 8-3 ,, 


The yield of tar and oils at 350® was thus 1 25 per ct-!;i . 
weight of coal us#hI 

Tlio tar in No. I receiver had Dl!;0'9630. The aqui. ^ 
obtained on wa.shiug this tar gave with ferric chloride 
reaction characteristic of o dihydroxybc-iuenea, probrddv ; 
caUchol, a substance tliat has been found by Bornstcin ^ - 
tlie tars obt.iinwl on coking coal at a low temperature. 

The nil i[i No. 2 receiver (which had been kept cou! i - 
the distillation by a sfdution of solid carbon dioxide in : 
I*!!; 0 This oil was not further examined eeparatci;, 5 

adde*! to tho lar in No. 1 receiver. The lower aqueous !,■ 
No 2 receiver was found to contain hydrochloric acid, iCt 
case in distillalinns of the same coal at 430®. 

On wasliing the mixed tar and oils willi a solution <■: *« 
hydi'oxido, tlirir volume ilecreascd by 17 per cent, oww:; : 
removal of plumols. 

The mixture was waslied successively with (i) a diluo" n 
of sofiium hydroxide, (2) dilute sulphuric acid, (3) a 
sodium carbonate, and (4) water; and, after having K-eu ir;* i 
anhydrous magnesium sulphate, was distilled. Tlie 
and speciric gravities of successive fractions of the neutr.d - : 
tabulated l>elow : 


Fractiuii. 

1. 

2. K.-l. 

Itoibn^ point 

170-250“ 

250—300“ 

IV ^ 

0 8211 

O' 9066 '»yc 

i'arbon 

S7-73 

88-86 

Hydrogen 

liM6 

10-71 

('arl>on+ hydrogen 

100*19 

99-57 


Fractions I and 2 were further examined. 



or S*»ini M HYPIH^HI.ORITE N iLl TlONS 

1 on bein^' washeti with concent sulphuric «ci<l 
a reduction in volume 0 / 44 |>er cent., due to the removal 
Treatffl^at with fuming nitric acid and weak fuming 
‘\.j,yric arid effected a furtiier reduction in volume of about 
f .^r due, for the most part, to Uie removal of aromatic 
The oil remaining, after wasliing, drying, and diatih 
; sodium in a vacuum, Ijad the following conjpo&ition : 


CarlKat S.VSii 

HyJrosen U M 


< ’arbttn hydrc^i^ii 1 tW :!i? 

S^phthenea, (C„1L„), rec^nire 0 So 7 ; H 11'3 per cent, 
practiou 2, treated in the same manner as fraction 1, suffered a 
h 5 (<ion in volume of 56 per cent., due to the removal of olotines. 
' yf tj jier cent., due to the removal of aromatic compounds. The 
tiu-d nil contained : 


CartiOn 85-44 

Hydrogen li r>5 


Carbon phydrogt'n 

r.,, |ircs<‘nc6 of aromatic compounds (naphtlialenes) was esUih 
l«v .1 spiraling the vapour from the oils, when at 100"^, 

' ;i/ri an ;:rjueous solution of picric acid, wlien yellow crystals of ii 
r^t** were rleposited, 
cxu. 

hbkkland. 


^'XXXIX. — Photokinetics nf Sodium lliiimcJihoufc 
Soluborm. Part 11. 

By Leo Spenceu. 

r ])apcr is an account of tlio coni jnnat ion of the investi 

he.Min by W. C. McC I^pw’is on the photokirietics of fwaiimn 
ychionte solutions (T., 1912, 101, 2371), in which it was 
*n tho main reaction involved in rcpresentc<l hy the 
'wsr n XadO NnCi 0. 

F r L’r^aier convenience .ind accuracy ilie method of cHtifnating 
' yfKKlilofite was carried out as follows; Tn order l/j diminisli 
' -r rtS fKjssihle any change, s prcslnewl hy the lowering of the level 
• ■ - liquid in the reaction space, the amount of liquid titrated 
nmi!e<| to 10 c.c,, which made it difficult to estimate the 
“"" L'th of the solution by arsenious oxide and starch-iodide paper, 
i'f cc. of the hypochlorite solution was adde<l O' 0 2 arsenious 
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I 




acid in v^rv slight excem, then 0*5 c c. of a I per cent su 
w>luti«n, and 1 c,c of a JO j>er cent, solution of polassiuni 
the wdiltioii Uing afterwards tilrateKl with 0 01. V iodide 
amount of kwIm" r^olution was j/enerally leas than I C.C.; thu^..; 
due to eva|*oratiurj >>i iceJine were avoided, and a sharp ei.u;. 
ohiained. With fr^e alkali or acid present, excess of sodiun; ■ . 
carte li tte was ad led, \l havint^ Wn noticed previuu-;. > 
the end point was hut little affectctl » v 
latter or by s^Klium carbonate. 
titrations were tione at each detenu 
and the values obUinwl did not u- , 
i < L- ■differ more than U li 'U‘3 |>er ceii^ 

1 ( t-ach otfjer. 

< V H ! 

ExPtMtlMKNTAl. 

As source td light the saitie uv>-; - 

w.is u^wmI tliroughout tlie work, and a;; ■ 
apparalus, except the outside vesK*l, - 
uvinl glass (see figure). The lamp . 
closwl in a uvinl sheath, which littcd !.i! 
rlnstdy to it. This was held by Kind; | < 
ut c*>rk in a uviol cylinder (outside u o:. ' 
l'9G ctn.), <lrawn out at the Ujlton; • 
narrower tube, which served as an :> 
a coiiliriuous stream of water, which " 
a Bide-lul>e at the lop, the object ■ ■ 
water stream being to keep the tender ’ 

■ uM^ant. Around tliis was placed ;* v 
uvinl cvlirider (outside diameter 7 "H r 
leaving a space of 0 93 cm. between ‘ 
tlm light rdter solution. On the outside : 
wiu^ the reaction ves-sel (iiiteniai -tii' '■ 
9 80 cin.b provi<iing a thickness n? 1 /* 
Ilf hypochlorite s(jlution. The Imtfcui (. 
...i.Mvc tlio level of the mercury in the l.m : 
...V,,... w cm when full. Tlit* hypochlorite solution vws C ’ 
continuallv by mechanical means. The solution was kept at 1 
unless otlmrwis** state<l.* Tlie lamp was run off the ‘J 30 v. it ‘ 
in series with a sidt induction and resistance; 3'6 auipvr**' 
em[)loy<Hi as a rule, corrcspniiding with a potential <lrnp 
volU across the lamp, 


i 


;^[mce Wiis I 
its height 30 


• The. nj'pouiniate O'nstaiu'y iu irmi^'rature which bouW - 
vnuecurnte for ordiuatv thermal reactions is in the present rase stifli^'^ • 
the yerv teni|ietaturpM*oefRcieut (see Uter}. 



HTP«K'HLi>ltlTE sni.rTjOXs. 


f‘AHT H, 


iJAtiT 

|*oini HH<‘rn!ineii w«s wht^Jier uny 
<li*tufbi*u,-f was }.ruliu->Nl hy tlia ievpl ..f ()i<. li(|uiii 
,1;-,;., (du* to withdrawals of <nh„„o, f„r luration piirjwsfsi 
. th<- oourso of an .«X|wrimom. Tl.o rat,, of ,h.oo!i,,»silioi, 
first Kith tiio roatli.m foil, and tlioii only half 

The* result was as follows; 


f 


Hjiai't* fiJI 


Itr'iU i h 


' hiili lull. 


t »rnrt*tjtratuai. 

k. 

IllOr' 

1 ‘•imiUiatir.n 

„ 47 09 


0 

47ae* 

43 

oa»45s 

to 

41* !M 

. ,1 39*03 


0 

30 O.’i 

j (1 35" 39 

(V043'J j 

3 0 

3^ 33 

Tiie lime is measuresi in iiours 

from the 

comniefiis‘inent. i 


i, 

n 04 
0 04144 
0<M:44 


Hit' 

trarnineiit- The concentration m tliat of the sotiiom li_v|HHlilorjto 
u,rr^ in c.Cx of (l ori.v arsenious aonl. k i> ilio nnimolcoular 
1 Iog,(|rt /« — r, where o is the initial oonoentratitin of 
t* hyiWH'hlonte. and o ~ r js the concentration at time i. Wlien 
;» lirifketeHt thus [^], it represents tin* uiiitnolecular i ..ttst,iHt 
, for the interval just p.re vdino tlie nieasurctin nl . thr 

isme and concentrat it.n Im-imo tliosi' of iho previous loa.lmo. 
.■ for the interval lietween /,> arni t.. is: 

^ J*., 

h: -tdinary circuinsta ncea the fall in I.‘vel dir! „ot aiuounf (o 
- than a quarter of the lenutli of the reaction space so ctan 
-s'lvelv little error ct.iild have been iritro.luced fnn,, 


■ rr/ r'Ar,„r/r o/ Cnnrr.nfrnfi^n) of ( Ju / f u hi on f r 

' tie* previous paper il was found that fi r (he first -ix in, ms ,n 
■ iecomposition was fairly well represented hv a nnini..]e.ai!ar 
ruiU. It being noted, however, tlial (hen* was a sh-hl tefuienev 
M he constant to rise towards the etui of lliat peno-l Tho new 
''h'4 of Analysis allowed the reaction to he folio we<| over a 
neater range of concenir.itioti, an.l as will Ih* wen from the 
'*msr tigures the vain * began to rise very raj-idly as Ifwv 
' ‘’i! rations were reaidiMl. 

'i* C'nnertilriitiiiii 

- ^ ill c.c. of 


l:fililfr;;. 

0(i2.V- 

AsP., 

r. 

Ud 

00 

30 77 


3 M 

21 93 

0*0490 

0 0(00 

0 

10 !M 

0 o:»o.7 

fl 0.722 

11 r. 

10 r>7 

0 (l.'jHi 

0 001*7 

0*04 

iiWM 

0 OSiO 


bOl 

(MtTSO 

01 270 

0 30 

01027 

0 2010 


0 Ml 

0 UUI 

0 37(Kt 
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Effect of Sodium CfUondc. 

Th#^ vAiniu cliiOride produc^i by th© decomposition of \ 
chlorite flight f^oasiUy have been responsible for this 
In order to test this, common salt was added to a quaLtiiv 
trdution until its normality was about four times that of ih,- 
chlorite prmnt. It was found, however, that the velocity 
under these conditions loid actually been slightly decrease.! r,, 
results were as follows : 


j HyjjocWorite 0 0so\ ^ 
Wonui oJufia O OH*V. ! chloride 014\ 


Tinw;. 

(Vnicentriition. 

k 

j Timo, 

Concentraii**; 

. 

0-0 

44-71 


! OO 

44 21 


10 

40 H4 

00393 

j 1-0 

40-06 


2-3 

.3.VfW 

0-0421 

i 20 

3739 


4 0 

30 31 

0-0421 

1 3-5 

32-69 



Iti a j);irallc] esjHiTiiut* nt the value of the constant Wa- 
from 0 0*13 to o by the addition of the same quantity ^ 

I liloride. 

Thus the increase in the constant with time could not i ;r.e 
occasioned by the common salt produced in the react ior? 


Ah^fhrr o/ f'hrrttiral A utocitfoiytic KffecU 

Other pro<lucts possibly formed in small amounts itt i! - 
position might have had a tendency to aoceicrat-e the d»'TM«i;;..<- - 
as they accumulated. In order to put this to the test, v ! ;’ ■ 
of the same concentration with respect to the hypoedsh r!?*- 
prepared, («) one by pbolocbomical decomposition of a i:. :- 
cenlratod 8tdutif>n, and (/O one by simply diluting with <i ' ^ 
water If a catalyst we*"© prndumi in the decomposition iN*;' t - 
it ought to have l>een present in (o) and absent in (h). 




t'onrentratinn. 

[L] 

21 :• 

0'039 

106 

0-U84 

60 

0 120 


ih). 

Prepared tiv Uil .o 
(\»ucpiitratioTi. 


22-68 
11 43 
5-47 


The ecjuality in Iho value of the two rates indicatcil tl *' 
of autocat-alysis, which could not tlierefore account for i!;“ re- 
value of tlir const ant. As chemical changes in the rcrtctn 
itself a})peai lo excluded as the cause of the dislurh.<i ■*' ■’ 
necessary to iis<'nl)e it to alt-eration in the optical abv rnt:' n 
differs for various part^i ot the spe<'trum. This will h»- *'"■ 

later. 



BTPOCHI^RITK solutions. 


fAltT II. 


Eftct of Dimimthing the MU. C.mtful 

I, u.e paper (l^wi,. 

by .n .Ker«a» m tb* velocity „f .ie*s.,nfH«it 40 ., 
ex, .eTtmern* have show., that the aj.hoot. of a atn.ll 

lipfwrenUy U> fall as more was adde^l. Tho str.MoHh tl.-a 
.t orn h)-^htou, MluUon waa usually 0 07f,.V; the amou'ota of 

«,t..«js9.> and OM53.V reapeetively. The f«!|„wi„„ ,ahi^ 

,;f,i ti;e mean velocity constant k eorresiioiitlmg with a wrie.s of 
ri,i!iiio»tion8 over a time of exposure varviiig from two to thive 

varying amounU of hydrix-hloric acid Ihu,.., addtvl at tl.e 
, -jnencement ^ 

£xf<rti!mUi>nofhyd]» I ' ^ ^ ** 

tas -TK- Bt'iti Addeil, I 

i;::7;‘‘:aTrh.;( " ,,. 01 , « 

!b ; liknU^ solution j 

“•»•'■’>“ 0W87 0-0137 OUllOt O-O-flO 

it app«.r from the above that the maximum raU, ia 

a.^ixt when the aolution la about neutral. The fact that the 
normality of the a. id «d,le<l did not excmd 0 O.h V was , 

•.r.r urge amount of chlorine for,„cd, w-lnch .cmlercd the til,- L 

. v-nu.^ unaUady. The lirst action of the hydrochloric a.-id 
..rice to ncutraliae tile sodium livdio.vide prcsimt in the solution 
...naanly supplmd for hleacli.ne purposes. Owing to tho weak 
Mix « ypwhlorous acid tl,e scKijum will he hvdr.dyst.i 

■ ' ^>'1 molecule is lese photosensitive than Uie 

liydrochloric acid introduces complica- 
■a eaine ,0 the reaction between hydrochloric and hypochlLis 

of Incrffmini tUr A^h.di 

•'•■c slkah was present in the original solution it wa.s dcuiirablc 
- -V,.-,iM,vT “V^® decomposition. It wa., found, liowever, 
n *“ “'^ongth several times that of the 

^ “‘® 'i'lm ofTect, 

^ , represents a diminution in velocity a» the alkali 
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k. 

f> M 17 Jll 

♦>.r, I'j w 

It) i;: t)i>40*i 

I 7,7 tM)417 

:y:r, :u*77 t>04iH 

In Ji parallel tlie value of tiie constant w ja 

Jronj OOlMi In 0 i)4tH) by the afidition of 0-358.V-*odium hv.jr , 

Trmi>^r<itii.rf.^c*jr^>:^rnt of tht H faction. 

The tetn|»tTature-c(x-ff\cienl of the reaction was deirri!; :- 
ohservatiotK * of t he rates at I(J^ and 24“^. 

1. II. III. 

tat 10' 00300 0<03(K) 00373 

ktki'li' 0'03Sa 0tH03 00397 

Tiie mean values a temperaturfrcoefficient of I ■ - * 

interval of 10 '. TImh is in agreement with many of ti... r.. 
ohuined in other pliotochemical reactions. 

77; r Kfjrrtt of Dif/rrt ht Spccintl lie^tonr 

In tlic foregoing experimenU tlie light from the Liinp 'A;> 
fUrft-Uv, Kor (quant itative examination^ however, it is m o : 
taut to itivestigatc tlie elTect of st*])arate regions. The i t 
approximaUdy inoiuxdiroinatic light was studied l>y « ti.: ; v : 
Wintiier'a light ti Iters {/^r it sc ft. Kltktrochcm., 1913, 19 , # 

transmit a known atuount of light of a particular wavr h ? j 
the nviol lamp win 1st absorbing all otlier lines. Assut!. t.j iw 
law to hold tor the tillers, tiie concernrations of the 
were so alUred that tlie sjime amount of light jiassed tin- 
filter in the present app.iiaUis as passed through tin- r > 
used by Winther. In order to effect this, the roiu'enti.vi; ■: : 
lilWr had to be altered in the inverse ratio of the two -* 

Since tlie thickness of tlie tilter layer in the prescuii exerr. - 
did not {liffer by a large amount from lliat of Winther. th:^ * 
lion of Ueev s law was considerecl to be justifiable. . ' 

measurements were of considerable importance for tie' 
invest igal ion, .since they constitute the only (quantitati.r * '> 
tiie sptHdnim of tlie uviol lamp available at the pT'>*;' 
Winthet’s method is, however, not one of extreme preci-; 

As a check, two experimenU were carried out with 
ill the filter space, on-? at the beginning of the series, ti,* 

• The lfrnj>eratures of tlu^se mei«uremetiU were kept con<iU:C. ' * ' ' 


nypochiorite 0-OT6\ 
•iKiuuu hydruxid*; O-Uiy 


Tiur-. 

Concent rwium 

on 

3»t.2« 

12 

34 31 

l-T 

32 79 

2 0 

31 

3 ft 

27 3H 



HTPOCaLOBlTE SOLl’TlONS n ~ I 

!!:“ i- 0 0411 a,ui 0 04.>3 

UtMl.. The resume exa.niued «.rr,.,s,„m,ie,l w„|, ,1... Ji„eJ 
V.N, 43b. lito, 3M>. .411,1 313«u, The resiilt.s .ire .,s |„llon.s. 

, ,:,v. Plotnikovs niter lieelatu.g the yell„w res,.,,., F.her Irons. 

nuU 80 per cent, of the line ,\57S (I'lotnilun). 

Tott^ HI <-'oiHfnt ration m o.o. yif 

.W>, Mutlnii, 

»^o a/i uti 

u a,vi7 


^‘ •■n (i)iat w, jio apjmH-i- 

til'lt* ijj <>,in. 


Winther-s filler. t-ra,,s..„iti„e ;,,s ,„.r 



tVtnot'ntrHtiun. 

4.<| 

30 4t) 

13 

30 01 

1 S 

35 Sn 

.1 7 

33 24 

4 7 

:uini 


:U-7;{ 


A. 

o 

:uiii 
:5 m» 
Tr: 
0 ouati;* 


Winthers filter, Irainsmittins ll.l p,,,. , j,,,,, ^ p,;, 


(>0 
IT 
2 a 


t ‘Jiu ontmtitm, 
:ITS1 
;i7:M 

a: (»2 


M u(in j 
n Mo4oi> 
<» (Mmm 


Wintlior s lilter, tnwisniininw 


0 0 
1 


|H‘l- llMll. 


C'nrici uf ruhnti. 
37u!> 

:ir> rt-t 
art oa 
:i4-sn 


‘f lino A iii'ii;, 
A*. 

0 (Ml I s;; 

is: 

nniin;;i 


limrt 

H-O 

la 

23 

t 3 
4 H 


'\inth.Ts filte,-, trau.m,iUi„s 30 I- reni, „f 


< '<iMroritrnt inn, 
:i(i Hi 
:to 2:i 
:{fi or> 
artoii 


i:. 

0 liOL'dH 

21 a 
221 
d nnji: 


■■■n .,lu.eof n •■•Ppru'iin.ul.ely i,„„„„.|„ 

:=e, f„r 1 n 'r " -...iKU.,,,, 

■' .rih ,h C^Pb^i'icnle were earrie.l <,„t, a,„i 

* *?umman8ing table. ^ ^ 
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The valow of the concentraUouf in the above tables ajt 
riiijan of three titrations. The results are siimniarise^J in the .. 
panyifig table: 


I, 

H* 

ill. 

IV. 

V. 

VT. 

VH 


iVr fjent. 


percent. 

Percttttt. 



X 43^ 

3S 

U0036S 


23 2 

10 


A 405 

34 

U00405 

»-7 

20-5 

0-29 

li 

A 500 

■>7 

1X00475 

114 

41-7 

0-25 

: 1 

A 313 

m 

0-00212 

5-1 

no 

0-045 


CompU*!*} Kjx^ctrdrn 

lott 

Of>4l7 

100 







Total 

110-4 




The wavole«^{th is given in column L Column II cont*^ 
\Vtnthf:r’8 values for the percentage of the line which pauses ihr> .. 
the light filter. In column III are the values of the unin - 
constants directly obaervnl with the Ught-filUr in jjttiiticn 
last value in this -dumn is the one observed with water - - 

the filter space. C'ohiiiin IV contains the valuM of the v-; . 
eonstanls of column HI exprcsswl as a percentage of tlo- 
wlieii vv.iU*r mily t» present in the fdier layer. Column V . : u.i, 
tlm cahuhitfd amount of decomposition, that is, the ve]<x'Uy >*;, :* 
would iH'iuir if tlie tiller transmitter! 100 per cent, of the Is:. 
kept back all tins others completely. Tlie rate is expr* v.* s , 

piuceiiUgrt of tiie raU^ observer! witli water alone in the Il’l; 
^p^^ce The rrdativf' intensities of the Hues from the uvi< l 
given in column VI, l>eing Uken from the tables given by W.:, • 
Cnlumn V 1 1 conUins tlie relative rates of decomposition . 
l>e prrxl need if each line were of the same intensity .hmI : r 
frruii tlie rest, 

Thew ftgures show that tlie fastest decomposition is ciI-> t-i 
the wavc-lengtli \ at the intensity at which it is eimi: I :r 
the iiviol source. Tliia statement is true not only when il - 
are calculaUx] (column V) on the basis of 100 per cent, d 
passing through— as actually occurs, of course, when no lu'-*: ' 
interposed- d)ut also when no such calculation is marh\ thr^ 
effect tlirough the filter Ulng measured (column lY). It s' - 
be noted, however, tliat -\366 is not the most intense hue ' 
uviol spectrum (compare column VI). The data in t' ( nsM* 
show thiit if one calculates the velocity constants on the s * • 
one ami tlie same inUmsity for all the lines of the spectnr.. ' 
obtains the result tliat the siiorler the wave-length the ^ 

efficiency, that is, \313 is more e(Ter.'tive than X 3156. i ' ' ■ 
agreement with the concept of the energy quantum 
th-r photochemical equivalent law of Einstein, for the 
wave-length the greater the frequency, and hence the gif ^ 
si^e of a single quantum. This uniformity in light . 
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got ti» actual state of tliiugs in the experiment iteelf. 

there is a ven-iuarke<l maximum efficiency at 
a shown by the figures in column V, due to the simultaneous 
rsuon of two effects^ namely, the large intensity of this line in 
jjiiflp and the large al»orl>abiUtv of this region by tlie solution 
r head of the absorption bami of sodium hyjiochlorite lies in Um 
The shortest wave lrana!uitte<.l hy llte uviol slieath 
i (compare f^wis, lor. rif.). As the wavelength itu'reases 

L \ 3gg the efficiency dirnintsiies, so that on reaching A 578 
^ tfliow line) and using FioUiikov's lilter no chemical cffint Is 
iwrreii at all. 

g^urnitig to the data of column V it will W milici^l that the 
its of the effect* of the various regions apparently escw^<ls Ijy a 
(tiiount tile total value of the lamp as a wliole. 'I'lu* nnwl 
explanation of tiiis is Umt tlie filters mA l)cing perfect. 
f,rtain amount of suprposition and reptilion of certain parU of 
^ occurs. The result as it sUmls favours the view that 

of different portions of tlie sj>cctrum are simply additive, 
f<«(Hda 3 non already come to by Imther end KorU*s {J. Aoitr. 
1909 , 31 , 770 ). 

(iwuig to the absence of data on tlie a1xKor[i(ion c<»<4ncient of 
itoiam livpochlorite solution for the various lines it is nut poasilde 
a jrr^nt to compare fully the effect of each line, and thus U)st 
s hyjmthesis (Zcitgrh. filrktrt>chi m., 1918, 19, 555), to 1 k‘ 
^ntioneil in the next paragraph. 

Further Diicumou of liffulta. 


If \ sul>»tAnee in solution obeys Heer s law, ami if Ij, denotes 
intensity of incident liglit of wave length a, r llie concentra- 
.;n, h the thickness of tlie layer, ami m is a cunstaiil, namely, the 
coefficient depending only on tlie substance and wave 
riunii, then the amount of light will be given by the 

'i|re«4irin b In the ]>aper of I.uther ami Korlnw, 

to, the view has iK^en put forwanl that the amount of 
Anneal action i* proportional b) the amount of light af)wir)w*<l by 
N-irjlution, and is therefore given by the exfiression 

'brs I, is a constant for each wave-length of tlio incident light. 
h-fifr's hypothesis is equivalent to attributing tlie same valii" 
^ b whatever the wave-length. 

Fn-m the above “absorption “ equation it follows that the effect 
i^ 'lhution on the rate of decomposition will l:)e different according 
amount of absorption tliat the line nndergoefi. A line that 
completely al^sorbed by a given thickness of, say, a cenli- 
»0L c?, 8 K 
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iioruial s«f>lutiort will naturally be etiU more eompleteiy 
l/y a dwnnormal w>lution. It follow* that pracUeally tit 
amount of optical al/sorptioii occur* in the two caae*, that ii, ;• ^ 
practirally complete If photochemical action depends .,b 
afriount of light aKiJorbei, we would expect the same 
ji mount t f cliemu.al dccomjK/sition in tile two caaw. ThU i» 
out bv the following exj^erimenU, using tiie line X313. Thtr 
r.ito of decomposition of a solution initially 0*075,V was 
to Iw 0 Ho c c. jK^r iio:ir (reckone^i in terms of the arsentoas v 
solution;. A -j^.lutlou initially 0 013.V was likewise found to ha*, 
mean fleioM^iH sition value of 0-20 c.c. per hour, a quantity 
io?arlv the “^amc* a» the previous, although the absolute coiim .. 
ti(Mj in thv formrr case was approximaUly six times as i. 
lu the latter. 

Strict I V s[>eakuig, there should l>6 no unimolecular 
ohtaiimljie ii; tliis cas<;, sitiw the law is not dxjdi-iln .-i, 
if, tit k. Kor j)urj><rtM*s of co!npari8()n, however, the valu*^ 
short c.x peri nit* nts were use<l for the calculation of a r.-:LKi:- 
all hough it will he dear from tlie two sets of values ll.at > 
fh composition pr'igresis<*<l tlie unimolecular 'constant m . 
r <>.♦*.* 
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(The k of Ex].t. (/*) imlicatea the value to whidi ih^ ^ 
Kxpl, (o) liioi risj*ii when the decomposition has promd^i * 
comsitlr: .ihlt* «‘xtent.; 

On tlie oilier hand, if the amount of tiie line absorl^ed li 
then doiihhng ihc coiK-nlration will W accompanied hy a <1 
o! the amount of ligiit ah8orl>ed, and therefore a doubling - 
artual quantity of substance ilecomposed. lu this case the rv< 
decoiupositu n is [>roportiona! to the concentration of tbe ?*••- 
which is exjuesstHl by the equation for a unirnolecuUr r?/ 
dr.t/f k{tt /b These conditions were found to Im‘ 

* Tht’ ciMiijixtisoii mciUioaod refers to the ettects produced l>y thf ' - 

»U cases on Miliite‘'Ti3 iiiilially uf approximately the same conij'Oiia--.' wi 
0 075.V. 
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Although Ihe coniiUi.t m ax,H.n„.en|. ,s „„i. |.„i,>.ul,.,lv 

B O not. very different in valuo from „( .■x|„Tii,i,.Ml (r) ’timi 
^ ihe consUnt is iiidepeiKlent of tl.,, ahsolm,. romroiriu,,,,' 1 „ 
aperiment (c) the change in the titralnm v.ihm i, „f the „r,l,.r 
Hire, per hour aa a mean, whiht in (,/), «.«.k.T solution tlm 

..te i, approximately 0 063 c.c. per hnu,.. w.tl, 

,,,«,fiienta («) and (A) illustrates the i„ l„.|u,viuiii- in 

,elwo cas«. These results are m ,.gre,.i,u.„l will, Lull,...'- 
.S»,il,ti«n theory of the velts-ity of pl,„to, lu.iul,.,:,| reiriious 

The gradual rise of the iiiiiiiioleoular roiist.inl will, 

«■. rater only occiipieri the filter sjuiee ,s now explu-alde The 
gsi from the lamp can lie coiisidereil as uui.l,. up „f laci mIs of 
re,, the short wave-lengths which are weak in iuleus.iv l.ut'are 
.1 agly ahsorbed by the given tliickiie.s,, of solution, ami the hui.. 
ivelriigths of higher intensity, hut weakly al.sorhed hv ihe iciuie 
of «,li.tioi,. The effect of the I,,,,., waves is gi'eatesl lu a 
1 ig », lotion, hut rapidly fall, „ff (,.,u„paie the lim- .V Hi.i ahove, 
n Ike other hand, the effect of the short wave, „ fairly , ouHlriii, 
■rvoiil, out. With both together the long w.aves pr'edoiuiiianl 
. -e outset, and their action is f.ijrly well rep,-, seuied hv the 
tar, -lecular formula As the solution heiuiues 

- dilute however, the short wave length,, kwcome more „npor 
A with the cornwriueiice that the value, of the uuiiuolenilar 
-want begins to rise since tlu-ir effect appru.viuiatcs f, the 
the hue A3I3, where ,/c/,/r i rather than ,/, ,// /•(„ ,, , 

;T«*s the reaction. v > 

fhe rff/^urncf of Lujht on ihr liUarhhuf of !.n,rn 

hif Sodium ]I ij iti>rhlorite. 

opaque paper were fii.stencd 3 cm. (tpart round 1 fn- 
enc!(jse 1 in a uvioi glass slmaiJi. This was 
hypochloriUj solution, am] a piece of 
^ unen was placed loosely around the lamp. After aij 
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exTMJwrfj of one to two hour*, the portione U» linen 
to Uie ray* from the Ump were found U> be dignUy more 
than the parU in the •iiadow. The light had therefore 
atce!erale<l the Ideaching action, 

(1; The furtlier uiventigation of the kinetici of the 
NaClO— ^NaCl rO, using tha mercury uviol Ump, ha^ ^ 

carried out. , ^ 

(2) By employitig Wuither'e and Plotnikova niter* 

spectra! regions have l^een examined and the relative photwlif-.^ 
efficiencies oi these regions determined. 

(3) The results are in favour of Luther’s abeorption ihe-r; 
photochemical action. The genera! readion equation uuv ^ 

writun Vi,/, 

For monochroniatic light when Uie absorption-coefficient is 
tio> above equation mlucea to f/.r/</f-consUntx (a-/,. Ui- . 
apparently unimolecul ir ; when the absorption-coeffident .. 
tlie equation re<luces to " constant, that ia, a z<-ry u-* 

cular” e<|uati<>n. These' relations have been verifier! m ll- 
of the lines -V <iud '^^11 3 respectively. 

(4) The temperature coefficient has !>eeu measured, aii«i 
majority of phoUi reactions is small. 

(5) When tlie photo-eileoU are reduce<l to one ami li.o 

iutensily for tlie vsuious lines it is shown that the 
wave-length the more effect ive is the decomposition, lliii >. u 
greater tlio velocity constant. Under actual conditiouv, h ^ 
tlie intensity of tlie lines differs with the result that xlioo h ?!.<> 
effeciive than .xlUib 1‘lie latter is tlie shortest strong hi:r- 
idde with the uviol lamp. The head of the al>sorpti>i;i 
stxlium hypochlorite lies beyond this. Shorter lines wi!* t‘-' ^ 
be investigaUd with tiie help of quartz apparatus. i 

(6) It has lieen found that the presence of light frMti. ih- - 

lamp aliglilly accelerates the bieacliiiig of linen by .-/i 

chlorite. 

Ill foiu-lusion, tlie author wishes to express liis J 

Professor W. C. MoC. I.ewi5 for suggesting and suj»n:-:r£ 
research. 

Thr Mc.'CK.vrr Lkn^n'^rouv or PHVsicai- and KtKCTKO-ciir'ii>iK'. 

TiIR r.SlVRH.xiiy of LlVKhfO«*l- 
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Council liM ordered Uie following letter and report to Iw 
Journal and Proceedings of tlit* Swietv • 


WmSFIELO, 

SaLc'OUBK. 




I^EVON. 

ISth, 1911. 


1 h»ve the honour U> forward the Annual K,.p„rl of the 
sternationil CommiUeo on Atomic Weights (or lltiri, which is 
.sKilted (or publication in the Society's Trnns..|rlio,is .md rrocee.t 
hitherto. Some delay has occnrresl in presmiting it owing 
, the dijturUnce of the postal arrangements on the Continent iii 
twiueiiceof the war, and to the illneaa of Professor Urhain, 
far Report deala witli all the determinations of almnio weights 
•oh have been publWied since the issue of the piecedin- Heporl ■ 
c.. in accordance witli the resolution of the Kighth Inteniationai 
.i,gr«s of Applied Chetnistry, no change in the ofTicial table of 
cane weights will be made until after the meeting of the next 
-5jre«. It is recommended, therefore, that the tahle acconipmv 
8 the Rejmrt for 1913 should be rejirinUnl without alter, .ti'm ' 

I have appended the signatures of I’rofessors Osiwald and 
riaiu as desiretl by them, subject to a qnahlicalion l,y the latter 
ici, he proposee to intrixlnce in the French translation of the 
‘p rt 111 connexion with the atomic weights of Ytterldnm and 
iteciutu. 


lion, Srrretaries, 

Thr Chrmical Societt/, 
l^ondon. 


I mil, {icutleriKMi, 

Vour ulif^dicnt Sf-i vaut, 

T, K. Thoim’k. 


AaqqU Keport of the International Committee on Atomic 
Weights, 1915. 

f»K<mnciI of the InUrnatiotial Assriciation of tlhiMiiical Soci.*- 
»Jti which the Coinmiltoe on AUjinic WcigiiU now 
recommended, at ita meeling in S€j)lcin]>er, 1913, that 
wnual report of said committee should l>e pu)>ii«)md in 
The present report, therefore, is submiUe<i in comiilianrc 
tbn recommendation, although delays due to tlie difficulties 
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«rf corre.|)«n<l*nce may «meamea prevent limulUneous 
tion in *U countrie#. 

Since the report for 1914 was prepared, a niunber of new a? 
weigiit fJetermi nations have been puWiihed. Theae may 
summarise^! aa follows: , « . 

Sit err, Sulf^ur atul Chlorine . — Scheuer (.4feA. Set. 

1913, [iv), 36 , 3 Sl) diss^>lv«i pure silver in sulphuric acii 4 .. 
collected and weighefl the sulphur dioxide given off. The 
suljihate was then converted into chloride by heating in a car,^, 
oi hydrrK liloric acid. Three raUbs were thus dct^-rc,-,.- 

wfiicli gave tiie three desire^l atomic weights, independent 
former daermitialions. The results obUine<l sre Ag loT 
S 3 '-’ 067, t’l 35 lOU. The value for stiver is rather : ?j, 
other value!i agree with those generally accepted. 

Colei, (HI. CKchsner de Coniuck {Bull. A cud. roy. Jirhj^ !• ; 
2T2) Im.H determined the atomic weiglit of calcium by 
of the carlxmate into the sulphate. His fmal value is I’a 1 > 
//or*r/m. Also re<letermined hv (Kchsner de Coninck i}lr .... 
rhm. fforr 1913 . 16 , 245). Barium carbonate was - 

in nitric acirl, and the carhon dioxide so evolved was ^ 
The value found was |ta 1.37 36. 

roy//>cr. Atomic weight determined by CEchsuer ile Cl j 
and Ducelliez {Hrv. ,jh,. rhnn. pure apyl., 1913, 16 , 122). CV;:- 
was (ixidised by nitric acid, and the oxide was weiglit^l h. .. 
experiments they found Cu . 63'523 to G3 G05 ; in mean, ‘ o 
Tliese atomic weight determinations by (Echsner de CnniTi- t :r> 
published in tlie liriefest possible way. without any of tin* < 
that are .n^mnumly legardetl as essential. How were the snh>i 4 - 
puritiesll Were tlie weights re<iuce<i to a vacuum 1 

rm/miur/i. Quinn ainl Hulett (•/. l^hyCicnl ( hem., b 
7S0) have re<letermine<l tlie atomic weight of cadmium l>y * 
lysis of the clilnride ami bromide. In each series the cadihcr 
rollectwl and weiglied in mercury. From the chloride, 

Cl =^35'45'’^> Cd-'112’32. From the bromide, with Hr ..'5 
C{1“112 ‘’C. These values agree well with those previnudy ; 
by Perdue and Hulett, and by Laird and Hulett, but * - 
lower titan the value (Baxter's) adopted in the table. Thf 
of the difference is yet to l>e satisfactorily explaine<i hut u 
1)0 due to a constant error in one or the other of ilic n:*- 
employerl. A change in the table would be premature ^ 

Mereury. Taylor and Hulett {J . Chymol Chem.. 1211 s* 

755 ) prepareil mercuric oxide by heating pure niercury in 
Weighed amounts of the oxide were then dec^mpose<i I'v 
it with metallic iron, and the mercury was coll^clerl and * 
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^ th. d.U U.U. obUm«|, Hg= 3(X) 37. Tim, « i„ tl„ „f 
i» tower rtin the recogn.wl velue, end iu ..y^pUnw. or 
oauafc 4WEit furllier ©videao^. 

'T^/r 80 "'Tq.'j I'y »„d Little 

^trrtt.L.ruler \OCI,. The mean value Juund was V 60 950 but 
is preferred. 

.,i«o.-«.~J»iinek .ud Meyer (Zr.isch. „„„ni. pjia gg 

j.,artrrimned the eto.n.c weight of seleuiun, l.y ox.dis.ng 8e t« 
The mean of ten exjierimenU gave Se 79 140 
r« Mine coneUnt was deduced hy li.uvhsnU and Kyielner 
M .iw^rog ifrfs., 1912, K5G) fnnn the dens.ty uf s..'lenimn 
ipln.le, SeHj- In four senes of experiinenis, the weight of a 
i..„of the gee at 0“ aud 760 mm. was found to he 3 6715 grams, 
hr die we^ht of a litre of oxygen under the same eonditions they 
told 14-95 grama* By the metlnal of limiting densities «nd 
II - 1008, Se = 791«, whioh is near the vahte given li, ,1,' 

th^~ 

rd'armm.-Uennis and Anderson (y. (■/„,„ ,Sor I9U 

te,-*:’) purified tellurium hy preparing the hydride, TelL, from' 
.ssiimiii lelluride. ami condensing the gas to solid at, the 
e-ieisture of liquid air. From the hydn.le the n.eUl was 
rninel hy heating to Tl.irty one conver.snms of Te thus 

r-j..»l mlo Tetx gave iu mean Te 127 6. other delermina. 

, i:. hy a volumetric metho.1 gave a lower value, near 1"7 5 () 
ratliors cm. elude that the higher, liyja.thetoal .Iv.tellurium • 
‘t-t not exist. 

•.Wmai.-Liikeiis (y. .I„„r. 19i:(, 35 1-I7t)) pre- 

..•el wandium oxide from Colorado wolfram. By calc, nation of 
ieoi.pl, ate to oxide he found 8c 4-1 .59 and 1-1 77. The material 
u I rohalily not quite pure. 

M«yef “lui Weinheher {II, r., 19|:i, 46, 2672) hy 
ion-suin of yttrium o.vide into snlj.liate, found Yt ’ M V, ' By 

- reverse process they foumi Yl,. 88'74, forreeled to a vacnu.n 
u U^nomei 88*70. 

I'l'tl.ium and /-iirrcium. Atomic weights reinvestigatod hy 
ser vo,. Welsbach (.i/omir.A., 1913, 34, 1713). For yllerhinm 

-reharamun.) he found Yh- 173 DO. For l„I.H-imn (cassiopeium I 

a if a 00. I /) 

■'^«/‘..f.^~Hoi2mann {Sitzunif.lur. Sm, 

_ nude four reductions of tlie salt (A\U*)Jr(,:l, in llydroK‘•^^ 

- iffund Ir~ 193*42. This is higlier tiiari the aa'ej»te<! value, 
not conclusive enough to justify a change. 

'iireof eiygrn 
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r# I YIausa I Be/-. D€U$. pAyu'W. 1913, 16, :>Tv ^ 
Xumination* of the denwty of hdiuBi, find* . 

t- •* 

w ‘’'Krort*oVet!rmiaalioni of the denBty of nfo., 

'i r.-uf., 1914. 168, 864) find. Ne = 20 

No^liaugM of wrioui imporUiice *em to to n«dw 
aU.ioic weigL table. Po«ibly the value, for yUnum, sxwn.^ 
hfliui. 1 , and nooQ .bould to changwl, but .uch artion mav , 
b erred until next year. Some expenmenU hy Richarda aM - 
7 I,„,r ohen,. .S'or., 1914 . 36, 819 ) on the purity o, u: . 

.^rdilorate alao .uggeat a po«ible lowering in the aUniu. 

Lr .iver, naniely. from lOT 88 to lOT ^ ^ 

W. 08TH.M.S 
T. E. Tkokii 
O. Ukbais. 

v,,,,- Hime this report was finished and approve!, I’t !*^ 
Urtoin'haa informed us that, jointly with M. Blumen.enl. i.. u 
L .letermiimd the atomic weight of neoytterb.um with a. 

The earth was subjected to many fractionation^ ‘ 

was stiidieil iiiagiietically and spectroscopically. The v,.h.. ,... 
f„r the atomic, the mean of thirteen d»naUons 
lie suspecu that the “ aldebarauium studied by Autr • ■ 

I'lch rtaiiml an dement of lower atomic weight, it... 
thulium. Urbain-s paper will to published in the 
perhaps tofore this report appears. ^ ^ ^ 
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Organic Ciiemistry. 


kai«w«*«Hrw»nt, but BX) gens'oi ,>ro,lu<.„ ,ih,o„t, », h|,., i, 

■*-’^' If. v.BK ■ 

Diffl«tayteQ6dioJ Peroxide piforaial PemifM w,. » ♦ , 

, J H. (f‘ro<. AV .Vuc,. lUU, in 90, [r t’ 

^.BfUion of tpproxiaisltly pquxi xolamrs of «>,UH.nir,iU.l «olu i,„!s 
tl.,aro«*n pmndo aud f,.rmxldol.y,lo at a l«,v to ,au.v „, , 
orer xu phono »«■]. « ,, ,,,'„„ ,;r,: u " 

K..l.|al.r platot or prl«m,, „ u'.t.il.od, a-l.u-h r«s,«u.|» only v.oa‘ 
,xti, u, l«U for bydro^o,, ,«roxi,lo and f„r„>aKUI.v,lr a,,,! h 
att*" coiU(«.ii.d Hurh ax /„rorr/r 

t The aubauooa „„.le,.go..,s littlo, if aoy. rl.aaaa i„ tl,„' 

.1 the ordinary t^m,K.ral„ro, and di-,,olv«, uiu.i, i„,.,.d i,. 

and.lhe aolutiuns gin„g „or.uil molocular woiol.u by Mir 
yrr..p* mothtH) in the ormrr aohilio,, „ye.i after forty n'Klit luii.ri 
Tbo crystals expUo at ahait -,V>, and Lako tiro iri .umtari tviil, 

0. 1«d iron plattnmu hl.xck, or wan,, ro,,(,or ..xido; 1 hoy are slowly 

by ex,«sure u, hnsht s.,„l,.hl, Troatino,,,. „f tho 
|ao.j.wlutioo of IhoaubsLaiice with |datinu,„ l.layk ruiscs a rai.i.l 
.„:a,«,ii.on of the potential hydn,Ko„ |,„n„x,do and a sul,.,i„n'of 
,w l..rmldehyd. rouia,,,-. A,|no,„„ aik iln c.nso tho ovohiti.n, of a 
irjie uf hydropjii 111 ftf-conliuirti with th.. : 

(yCHjj'OU).^ L’li’Ci),N,i f. '}{ If 

to be no donht tb.t ih,. oo,n,nnnd i. idontn'al with that 
n,ni*ler, in 1881, ohta, nod aai ,n,.st il,., p,.,,dn,-ts „f M ov oxidal.on 

*'''' U. H. 

To, L^ithip of Bjrg.Yolk .1 M. Hikok, 

.>^,;from A , liM-t, |r,„,i,iy -I'.ne d,,,U.a,yl l'eo,ih,n 

1. t» preiare,! by exliacmo lonMnn-alhamin with l,«ht porolonn, 

« .It ether, drying it under lodncod pro.snn, an.l extra, -ting t.U 
■ niaUnoe with methyl ah'.hol (cnnp.ar,' A., IfMd i 7-11^ ,h„ 
•t.i doohohc solalion ,s r .,„.ont,al,,d nn, lor rod,,, yd pro.s-nro’ an I 

.‘Crln I TTT' '> frw tiiao.. 

■.oarmothjl.alcoholi,- ,s,.|„l.,.n is thou rool.-d ,„ » freoring min.,,,.,. 

■rr n '«".<>ve ph«..phatnl,.s. and tho lonthin in .solnt,,,,, ,a 

■ • into hydroleclh,,,. 1 Ins is ,|issoly..l in and no.ihvl 

I, a.ldiH), who,, di.slcaryl lonthin is pionpii.ainl ah,,.' 

™ It IS insolnhle in ocotono and niolhyl aoot.iu., soliihl.,. 

•'•■■in. sparingly so in oohl ineihyl alcohol, othyl aindiol, and 
s.etste, and may he cryst.illi.s-d frmii it, hot oliiyl a.vi,iio 

W. P. S 

CTII. L ^ f 
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OxidAtion of Orfcum Fatty Acid* with Branchy 
Chain*. UtjriY Stamukt Hapik 19i4. 8, 520- 

A ahemit of oxidation i» nuggwUd by lb« »q tto which 
r«AiiiU to far ohuincd in rtudytog the kaUhmtt of ® 
fatty acid* tnch a* laebutyrtc,® motbyIbutytic&ndft'BiethylraWf;e 4 .,^ 
aod alio acid*, *uch a* y methyWaJoric ac;d, which by oxidaii' t. ^ ^ 
^'{ioai lion would yield a methylated acida The ruh» of ^ ^ 

applied to tbe^e acid* with tb« proviso that the carbon aU^oi vl * 4 ^ 
methyl group which i* in the undergow oiidai^>t, 

Tho derivative of malouic Mcmialdehyde [fortoylacottc acid] 
would, by loft* of carbott dioxide, giro ride to the nonnal aithh^ j 
the demethylaUd fatty acid, and by ^ubeeq^ent oxidatioi;, ct 
Cantiiziaro reaction, to the normal arid iUelf. 

In eupjKjit of tbia view as a poaaiblo biochemical procoes it 1 . 
that ammonium ixobutyrate ud oxidation with hydrt^eu f’<t 
yield* amongist other products pro|:mldehydo, and that auiUi 1 «s 
a-methylbutyiiite yitdd» tsimilarly butaldehydo. 

The pcajtibiliiy of thin tcheme being applied to the katak<h>;n d 
propionic acid in huggchted, since this »cid i* similarly 
legards the position of its methyl group to the a-metbylated lai. 

H. W f: 

Purification and Melting Pointa of Saturated 
Acida. V, A. Lksxsr and C. J. West (/. Bwl. CAer»., h*li U 
463 — 467). — Stvcial higher fatty acids have been carefull; p.:- iIk 
and their im lting f^iinU redetermined. It haa been found Th,* u< 
purest acids after distillation even under very low pro -sun; .». i 
do not show tlteir maximvim n>eltiTig point. In order tu iAi\x.t 
muxinmm, several recrystiUiwitions from hcetone are ro juird, 

t'udccoic acid, prepared by reduction of undocenoic a..' < ; 
hydrogen and palladium, has b. p, IG4°/15 mm., m. p. -11 - - !t 
amide ba.s in. p. 103’^ lauric aiid ricrystalUsed from to# 

m. p 47 i» 4h'. Tridecoic acid, prepared by t xibi'. * i 

tt-hydroxymyristic acid, has b. p. 202*- ’17 mm., and tn, j ’ ’ 1 

Myrintic acid has m. p. 57'5— D'S'. Methyl a-liydroxyi'’.vhiii';.'-‘ :r' 
m. p. 60 . Ktliyl a-hydroxypalmituto h^ia m. p. cc 1 
Peutadcroic tveiJ, prepared by oxidation of a-hydroxypalmitic u. : ; b 
m. p. 53“ 54 . l‘;ilmitio acid has in. p. 63*5- 64 : H 'V c 

Preparation and Properties of the Ammonium t 
Organic Acide. IV. I.eHoy McM a.stek (/. dawr. Ckeni. v i 
36, lUlO I'J-.'i). -In earlier papers (Keizer and MeM aster, A . 
i, 24S ; McMarter, A., 1U13, i, 444 ; tiiis vol,, i, 481) an i* 
U'en given of ihe prcfarration of the normal ammui.ii;:’- • > ^ 
variou.s organic acid.H by pas>irg anmonia tmo fcluluu « t f 'i;* 
Hponding acids} in alcohol or elber. In continuation of tiii' a li *-^ 
author bus prej«:ucd iioiuihI ammonium 
elauiiiU, aionitalc, salicylate, rn-hydioxy benzoate, p-Afelr^*-', 
jt>-motboxybenzode, )3 phcnylpropiooate, hippurait, o-lolw-^ V 
acetate, mandelate, ami vt?t7a(«. In i^ome of these cases, tlu 
prejk&rcd by (Maying ammonia into a ^solution of the acid in 
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Acid. IV. The OonstiiuUou of Ugnoc^rio 
. f. A. Livwf 0. J. West {J. Biol. , I^U, 18. 

Coflflp^ A., 1913. i. 8^9), — Tb« h)dAx:'AilKju UtrEcCMn« 
^ ■ 4 iff U»» niltuciioo of lignooerio seiJ ban lu. p. .M 51*5^ tnd 
ccxuudoitd to W ideuticiil «il)i n Tho UitAr 

^liCHiod bjw cow been prepeied by the ttcUou of n)»gne^um on 
iodide end footd to Jitve m. p. The bydryc.ulwu from 
irffevic^rie tpjd Buet tbenforo be t#oteJ sue, v<)ijcli i> iu {Mrtord*»ue 
tU news of Meyer ( A . , 1 9 ) 3. i, I in 1 ). 

iwdfe/e.UjjHjji, has b. p. Hi I5u 0 I »ni!* It in cuiivrrled 
0 (JfJiOifd’e rre;tloo into n-fs(ri(ros:n«A P' b, p, 

bib'l bgoocerste ie rtdotred U> tt^cahtl, T. /UU, b. p, 

0 ^ mni.r ®' P* tx>r) 0 «f>o«ding 

H I, bfti m P* 48'^, end by rtnluctiou givf!< i- 

pl*toi, m. p. 51~5l h. \\ 222^~i2:> niiu. H. W.' lb 

Clapmodouic Acid. J. lb Kieuel {('h^tn. Ztntr.s 19H. i» 1882 ; 
<r 5 » AWW'e B*r,t 1914, 23 — 27). — The obUined by tlm 

of brown Japanese sardine oil (uKiine number 195) are 
i** light petroleuw, tlte ill^olllble bioiuo ju'id* are Invited 
» b «!lbtr, and the residual oclaiuomidL'S, j-u^pendrJ in ImV;;;' ub'oliol, 
ff trtjiErd with Eino dust. Cl(i|vuu»donli' jujil, <’,^ 11 ..*^^. iivline 
isstb^r 565^370, thereby obUiDui in 12 7;;. yitdd ia an oil with a 
edour, which aeijuires after a time the rJour of cmMivei oi), 
jtii* t.U acid yields htearic acid and prodiu U of lower m. p. by trertt- 
Btsi with hydrogiM) and colloidal palUdium, it is pndiably not un 
Bubrdaiico but a mixture i f a dorivalivi: of hti-aric acid and 
m er more subsUrices, con' ai in og branched rliains, C. H. 

Ferric Compound® of Some Hydroxy acidu of tbo Fatty 
Benw. I. Ai). VxikA {JUr., 1911. 47, 1773— ITTTi;. 'I'Ko coin 
imd« deMTtljed are at alogous in curslitution to the falUof sdicylato- 
ytnr acid prepared i>y WeinUnd (A., 1913, i, 1189). /’itlanAutn 
l»;W/tifeyirra4rf, oUiiccd as an apple- 

pttn pridpilate when very conmil rated > obit ions of ferric chloride 
M p>tasi>iuiii glycol Into aio iniiotl ; from dilnU-r soUitiona the salt is 
»*<ij>it\Led by moans of alcohol. Tlie coire>-f»oruiing Motlnan salt has 
( 11,1 Mif crysulliiation. 

a mixture of ferric liydroxido {1 mol.) ard glycollic acid 
Rob.) \i kept cold and in the dark for a long lim*'^ a micro' 
*uiljiie, gretn powder of (Ivjlycollaioferric [Kc(Od!il,*CE ),d.,]lf, 
^^b’.aiRfd ; it is reaiiily ilecoui^w/^ed by water and Morales C!irl>on 
trlsfroiD carbonates. 

(5 tie addition of WKiiam carbonate {0-5 mol.) to a solution of ferric 
(I mob) atid r odium tartrate (I mrd,), a yellow, spaiingly 
precipitate of iurtra(o/erric acn/, is obtainul, 

ics H rt^dity iuduble in alkalis ; it is also obUini^ 4 l by the inler- 
‘ sif ferric hydroxide and tartaric acid. The soiltum KuApU<u>$ium 
'^ojmaUft ( 0 ^HjO^Fe)Ntt, 6 H 3 O and (CJf,/^Ke) K,J H^O, are 
'aui^l either from the free acid and the appropriate alkali, or from 

4/2 
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Thorium Ammoaium OxaUto. ,p- ?8^!gSS*!luv^ 
liriullr rr ^’rtor73, 95U hL a««rib^ two’ thorium 

A .tuJv ot th« «)iub,lity uurvo* ot thorium .ud ammoomm . rrk^ 
it trrJnce 'f r-ach other at 25' ban tow been made, end ba» 
MTth.- lemperature only two thorium ammonium oxaUv. 

(Lpare lUu^r, A., 1912, 1. «27), ^ '• 

Cryoecopic Studios ou fif .* 

A VUyyiTciiKLU ati.) C. lUNUtx;! ((juzzetta, 1911, u, i 1 9 

A. Mazz ‘ ,.Orv<>K'opic and, io tome caA^FL-outl i. !^ 

^““l“reA .19U...Hn,^ the con.hu. , - 

t^riTou and [Kilviueroalion of the eum|.leiee formed by Lirlar ir. 
lOKlsal.ou 1 - ^ ,iija|i ,jj|u with molyhdic an,!, 

■'“rhe molybdotaruric acids a,.,.a.enlly undergo both f » 

lien the extent of which increases with thn content of inol>h..,u» 
Ixid ind also iKdyincriaation, but the degree, to w ici, u„ 
hai Imtur.annollHMlctermined exactly Comparison of th,.,,.r 
n^imd with (iusismann and Kiumei'a i«lanmetiic and con.iu. on,; 
data( \ It'Od i, »6')) leads to the conclusion that thi, Ui.r. c 
t lr'tO Hssia-i'ition between the anion, and the und,..«u-r. 
molecules wheio Ihcfo exist in proportions which do not differ tnx. i 
r rms beyond doubt Hint in very dilute solutton, of molybdc.t.m,,o 
!na irtho nio.e concent rated ones of nioly WoUrtanc acids, re c e 
ciilar weight, ten.l to asMime ihcr eiu.ple values. Snmla ‘"'o 
r *1 1 tiv i*w‘k ( V IvH-i, m u:il) n\ iho CA8« of 
XuCi.' '.ilio.:,-, iilthoogh less -;i deBned, hold 
complexes fonned by malic acid, hut the available data arc l ..s 

"Mill’s inolvbduiioinic acid, 2 ^ 11 ,,. >c.iloO., and its 

salt hivi the simple mol ulnr weights and undergo ma.ked , .-a -x 

which varies coMidenihly with the concentration. 
conductivity ai.d poiarimeiric mtasnrements ren er imp •- 
•xiKteni'o ot a »u‘iyw\ arit! of llio cumixwitjon r ^ , I 

Motion, olvlsio-i x., lie acid, its sodiiim salt, and ^ 

mvalate have the simple molecular weights and are norn.aUy^i , 

Synthetic Preparation of A •' ^ 

WmjwANN U Amtr. Chun, .Sr.c , UH-i, 36, IJ. UnrA'^ ^ 

Lcription is given of a "y’!** ,d ’> rJ 

in large riuantilics. The method lollowed is esienlul y ^ 

(i., l«9ti, >, hhO) “«<> Neuberg (A., i 

ert’ain mediticalions »ie rectmmeuded, a'pecially in 
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i UK ■'•wlf. whi^h f.riiii .ta tho p^vlurtion of tho 

*o« laolatsun iri a crysUllua' form. (j 


Btochemic^ Preparation of ^ Ethyl Galaotomda. E« Hou» 
vtujt nad G Mwgw* (y. /Ww. . li^u. jvii!. 10 

1913, i, 49S^.-Tht» eimtiirion^ mo.f , ^u^uW for dm 
^^i,an the gaUeUffinla are as follows: Two huvs if 80^ ,oKu| 
*re mixed with 100 grams of f^aUrtosw aiol lii of 

Aud the mixture .« kept «t 3^^ ‘ ; after ,u> s, a further 

^j 44 i}Uty of emulwn i» adilfd, »tj«l the artion allow, .) u> oro-eoil for a 
n» muture h Ihea filt.mi. tlio . 

ndartfd ^.reMore,and the excess of gaUrtosi* de>!ro\,‘d by lermentatmn 
Miom yeast iti the presence of 4!i*xti<)sc. 

^-Rthyl gtUctrwide crjsullixes in colourless ne^lUs. |„j;’'; , 7 
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The Moet Appropriate Experimental Conditions for the 
Preparation of a-Methyi Oluco^ide and t Ethyl (tlueoMde 
V Atrst (/ Pharm, Vhim., TJU, [vii|, 10 . -(17, {\numr^ 

;ii, \ol., i, I4t).~ln the lahonitorv a tioMh}( ;;lmos'<)e is 
fmared by working wjth the follfoving projH.rtii-us nf 'I’o 

s.Kii;nim*of methyl alcohol is ndded u solution of of 

in 4 litres of distilleil x\^'lter, am) then 15 litres of a 1(1*^ 
i*fs»r*tion of dried b{itrom yMxt, ami the wholri is nnule np i.<’» Itl litron 
[V mixture i« allowed to fertuerr* at 18-*J0^ until the ruUtien of 
^ njititioD, which to start with in has increase.) to 1 r'3l» 

tn taking about six weeks. The Ij.juid is I Iren nenfiaJived with 
oatbonate, boilwl and filter. a!, and the liltmto dr^ tilled to h ilf 
'juAumt under rcdui-et) pressure. Tl,e excess of dextio.se js destroyed 
» l,wmcnUtion with hiker’s yeast, the Injnjd again nentnilised, 
mM and fi!U‘lTd, the filtrafo lacing evajn.rat.d to dryness under 
<*bi^) pr^tiurc. From tli« dry re.ddue, tlio u im-tl.v! glueoside i.s 
t-r*efea with alcohol and allowed to .'lyslailiHe. tho yield being 
gram«. a-Kthyl gltirosido is simihuiy prepared, using the 
prefHirtiorift, the final pnnfir.ition heing esrri.-d - nt by crvsf iillb/i 
sc frein rthyl acetate, and finally from acetone, 'W. ti. 


Calcium Polyaulphides. (I. A. IUmhikiu (Afii /;. Arc, id. Lincei, 
-’d. ^ v|. 23, li, 8 12). — In iiiv. stigatn g t he jKilysulphides of ealrium 

•fxuthorhis made ime of tho fixation of hihilo hydn.fed salU by 
■»«» ef hexairethyh neUtratnire (compare llarbieri ami < '.dzolari A 
^i.l, 181 ). 

interaction of aromoninm pentasnlphide and cah ium chloride in 
'ciifticc of hexamethylenetetrarnire yii-l.lH the comjxfumi 

"tlr ’T’’ orange-^ellovv pri-rn.s and AimiWm in 

with i>artittl decomposition and (.o[*aration of Hulphur. Uho of a 
of ammonium polyaulphide leaa rich in «ijlphur rcMilla in tho 
of the compound, CaS^.l which crj'sialliKes 
prumg and diasolvea in water without apparent alteration, 
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EiUitr of tlw«« colttpol^^n3^ or « loiituro of them » obUiDiU^ br i** 
iiHion of lie*ometbyl«iOt«tr»nime on oOduni polywiphide mUitou 
mr^d from i*ulphur »nd eitber lime or c*M«m bydro*alpbidt ; 
wlmioM lbu« obuincd may conUm «aciuai polyaalpbidea wi?h 
proportion* of aalpbur, but th«ie wooU appear to form roadily ^ ^ 
additive rompoundii with beiasnetbylenetetramine. T. U p 

AabydrificAtion of Glycine. I- Balbujjo (AUi dew// 

Ivl. 23, 1, 893— b96) —Tbe assumption mado by 
(•* dwi Mat-i-ros protc-i^uoi! ct d©« Matitres humiquei 

de ia glyci’rine et fcucres Rur ic« acidos a-aminea/’ Barits) tU? 
artinn of ^*lyc*erol oti glydue (com pan* lUlbiir.u and Trasciatti, A , Um 
i,63:Ji Hilbiino, A.,iyOI,i, 454) is merely that of a dehydralicg 
iii uliown to be inaccurate ; when heated with naphthalene or 
glycine ia abo converted more or le«a completely into an anhy ir k 


New PhyBiologically Active Derivatives of Cho’m? 
Ahthck Jamm Kwins (Hiochtnn. 1914, 8, 366— -373).— ll.c K * 
iiig newlnfiCA all resemble muscarine in their physiological ar.i-r M 
liOt one of them b identical wifh the natural baw. /orjdvMnw 
OH-NMvt>H/til/t)*CnO, in obtained by boiling a sol^m r. s/ 
choline chloride in formic acid, and isolated in the form ■ ■ 
pfntinichlarule, ((’,HnO,N orange red ocUh^ra fnm 

water, nt. p. 2rj5 — -l!50 . ^fhe ouTir/dcrida, Cgllj^OjN 'Aid 1^. 
thin, golden-yellow hexagonal phUes, tn. p. Choline pro j 

OH-NMe,-l’U,*(:lI/Urf, U prepared hv acting on ^-iodixtln i j r 
ether (Karvonen, A, 1901). i, ‘202) with alcoholic trimHhU.*;!., 
pululiun. The jlitinichloride, cryfilalli.e- in 

red prism'*, m. p- 210°. ctiicr, 

prepared by treating /3/i fli-iodoclhyl ether with a slight rxr,... .s 
alcoholic Irimethyiarnino soliitlon, when the lo/Wc, 
crystallisea in thin, rectangular platen in fi. 275^. I ho cM>ri -.' : * 

rhombic plates, in. p. above 281)’. The cry-txl . f ^ 

elueUiuof small prisms, m. p. 226^ (decotnp.) ; aurichlonrir p 
yellow, rhombic pUtos, m. p. 269^ ITf 

htfdroTvie, OH-NMej’CHj-CHj-CN, h prejmred from ^cnimoprp 
nitrilu and trimothylamine. Tho chloride^ Mja a:- -* 

prisms, 228—229° (decomp.); phtinifJdoride, browrudvjt- 
aggregated octahedra, m. p. 249 — 280’ (decamp.); aurichlortd*, 
golden-yellow needles, m. p. 213—214° 

amraanium hydroxide^ Oll’NMej'CHj’CHj'NlIj, ia obtaiuel lo p ** 
ing choline nitric acid eat^r with the calculated^ amount of -a 
in alcoholic tolution, Tho oiiricA/m'fe, CjH, 5 N^(AuC! 4 )jp ci^ n x 
in yellowUh drown, rectangular prisrop, m. p. 263^ 

^ PIT ‘Cl I 

oxattlinium hydna^t, OH-SMe,<^jj*_V wa, '■ 

tmting dimethyliminomethyl alcohol with one molecnl*'' ' 
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^ ^whYdnn. Tbe hjdmxyebolioe fim pixxiu<».! lhan 

mdacul© w water. The pUtmicAioruU 

(C,U,,ON),Pu\. 

‘“* ”■ P- a«r;rAW«, 

'hit™ -'^ ■ 

1 fl A*^ liexagonal prisms, m. p 344^-245^. 

YtH> foHowiPg “ formtKcboluH* '* Itriuielhylbydroxv- 

^vUift«£»ium hydroxhle] are prepami hv iht* action Yf tri 
on wrresponding icniomeihyi others. Tbo laeMy/ #M^r 
^^H‘^ forru of ii?* c || t)X[' 

rhouibi,- ,,, isms, m. [. 234 (,l«-,uui, ) • 

^.1 -rMir^. ^H„0.\-AnCI,. K-l'K-'ivdluu- «..o.iU ,„ v' 

Jt* (AyltJ,,,-, oKf('H.,-.\,M,.i, ti,i„ ,,i»tt 

fe*f BV p. 9* J pi^tmchloi^nU, orange i-i*(i, m. p. 241 -‘M” auri’ 
:,iar*. ^*n-yeUow lo»fleU, m, p. I.-IS-ISg-*, Th,. .’rm,,,'/ 
tdA. 01r-CH,'NMe,t. UBeiilea, ui. p. ,.;ri4,mV/„'„r,W,, ornnEO- 

^ P- *^u*— 337'“; mtricAloriilg^ jioltliMi vrllnw Icidots 

■ '■ "*'■ «th»r Milr. {'JP,'li-l H,-N.V|,J, 

rkies in- p. 98 i praUntchlvnJf^ omn;.c n‘3 vciMva m n 
fKV- 244® ;a«r»V^/ori<ie, goMon-yellow IculK-is, lu p. si . ' ' 

II. W. 11. 


tele of ChlorocRmphoric Acid. Anna Mannks.ikk 
HI. 44. j, 6D7-~703. Comparo (Mdo hm> 1 Mainio-^M.-r, A, iJlO i* 
?^;.«^\Vhon CAmphorimiJc is hcaUwl for f^nir hours at 1 2i» ’125'^ io a 
BX^ttik-witliphoepbonis r^ntirhloiidoaiKlli^-hl pet mliMiui rhlororjirn- 
k*4U4i.le, m. p. 292-~293A is f<o-nio.l, idontiral widi linu ohuinod by 
rbtrt),-.- itiJ Knotho (A., 1912, i, 542) in unolhor way. The sul^sUncn 
• tm' itahle ; it U hoi afTcctOil by boiling' rnnccntrotrd piittssiurn 
t^?.;oidp, or by sodium ucetate .au.l acetic acul. 'I'is.. ^,7c«r sdt 
H.^hST lAg, was prcpiifed. 'Ihc mfthi/l liorivativc. t' II <>X(’l 
pmmatjc crystals m. p. HG^Uy -. T),^, ^ijnvMtlivo 

fitfirtfi by the action of acetic arihyi!ri<lo), N(’IA<‘, h;M 

I r IGOy and is very uns-table. The //2n:o^/''.l4-riv^.Mvu .-an bo 
rt|Mns] only by rnmna of the (injrimnl rraclicn ; it crystidlises iu 
«4iw. m. p. about 200^^. 


Oj,!! jj(),N(!lHr, fonns ncicular crysUlH, 
p l<:.~li4,and ih prepared by ilm action of brotniiif* on t-bo 
atr.;mi<Je in alkaline, a<juoou,s alcoholic njlution, |{, V, »S. 


Cbloroditbiocamphorimide. Anna Mannkssihr (/,' azzdUi , 1914, 

. j, ,O3~~708, Compare preceding ab.stract and Oddo and 

chiorocainphorimiiie is heated 
* ~ pbogphorus penlasnIphiJo until the evolution of gas 

srai ihe mass then extracted with lienzene, cUorodilhiocjwifihor- 
'H ^ forms golden-yellow scales, m, p. 

'L. ** ^ilcd for some hours with alkali hydroxides, the 

*.,00 on acidiheation debits a white, amorphous suhtlanM, m. p. 

• ^nlorothiocamphorimide dissolves unchanged in concentrated 
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wbhprie udd. giving t ro««^r«a coIer»U<m. When bait«d ai 
tbi«« bo«r» in « waM tube with quindiM, it meu wttb ^ 
fcub.taiiw. Oil itductiou with iiodiuni and Alcohol, cblorolhioc%&^ 
yie!d« caoiphidino. R- ^ s 


The Blue Iron cyanogen Compounda. H. E. . 

(:h 0 i/f. Met. Min. Sgc. .V, Ajritti, 1UI4, 15, I — 5).— See P., ]:M3 
31 


Action of Nitric Acid on lodoanil Uthiw Cwikc and K * 
lioLTOJi U Av^. rheu^- Soc., 1914. 36. 1899~1908).-Bj tbe aa. 

acid on iblonirji), SunhouAC \T., 1870, 8, 6) obtAine-i 
pit rill and oialii- acid. It ha* now been found that the action of 
M id on iodaiiil iw ^nite differefct ; the in thia 

ttnhydri.to and di iodMoaleic at-id, but neither iodopicrin nor 

can \ e detecle^i. , . . » »pi 

.SWtirm At toAowiiUfUi forroh >mall, whit© platoK. The 
(! I (Cn^H i.„N H >Vi», dettiinpoAeti at about 152^; when 
gUnal aiitii- acid it m converted into the phenylimifif, (',1.(10 
in. p. 171 172 \ which cryatalliKeA in 1 * 10 * 1 ), yellow pn*n.‘, m 

loacu witli uniline to form anilinomalephenylioiide.^ In pniart. 
di iotlornalephenylimide, another comjxmnd, m. p. 26 T, U 
obtained which form.s f^mall, yellow needles and is probabiy 
iodonmlephetiylimide. When di-iodomaleic acid h lu^aei vj 
pHoIuidine and pdaciai acetic acid, ;>-tolwidinomale p-tohlnr: •* ^ 
t rfuluctd. Jly the action of 'phenyihydrazine on di-ioiloinal^ r 
the jJinuAh^irazide. CjjtCOjN-NHrb, ni, p. ‘burr.; 

U^^^etlier with a smaller <)uantity of a gubstanef, to. p. 22b^ nb..-; 

Winn di-iodoroaleic ncid is healed with water at Ihc 
i^b 4 ^ there are obtained carUn dioxide, formaldehyde, hy.in* .In- ».v ; 
little free ioelino, and a brown oil from which two white, (r>eu 
?ubstnmes can be ifo'atcd. Th^e Hib>Unces were rot 
invesiij'ated, but one of Ihein, m. p. 96 , may i -< 

di iodcacctic acid, and the other, m. p. 182—184'’, ptnta ienh . iKr 

Azoimide of a Naphthylcarbamic Acid. Action of (}rigntf^i 
Reagent on the Azoimide© of Carbamio Acid, h 
3U N [> A 1 \ (ftuzzeltn, 1 9 1 1, 44 , i , C G 2 — 6 < 0 ). ~ a- A njAith 

as<Mmide.r,^IU*NH‘CO*Nj,is oltaimdby the interaction of a 
earbiinidB and azoimide (cr eedtum a'oiiuid© and hydrochloric » 
etbeieal folutirn ; ii foims pilky fiyhlale, m. p. li9__l.G . ^ 
treated with an alcoholic solution of phenyihydrazine, d y* 
nfir/)A/Ay/«W(icnr6flziVe, N 11 Ph* N H ’CO'N H 'C, J1 . 
forms silky tryitah-, m. p. 22:)— 226\ The semuarbazide ly 
by ferric chloride to the coiTesj. ending fl 2 o-ccmpound,C,;H, 5 < 
begins to decompore at 170'’, but melta sharply at 183- I'l ^ 
a-NaphthyUarbsmoylazoimide reacts with jj-bromof^benyiNv-***' 
civira ip-hroinophenyla-naphtfiylstm icarbaztde, 

lVn,Hr*Nll-NH-CO*NH*C„H;, 
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! ^ -ilk f»rric c^blorid., or. b«,er, b) iho «t4o.. 

i sitroo* iCM* It yielcto tbe corrwpoDdmg <uo^deri«iiive 
C,,H„ON,Br, 

gold«o-y«Uow leafleu, m. p. 163— 16 

0.,m.ii>Mt witb bromiM in h*n»n« *olutio.,, 4 6r»»w, ,^,,4rtv/ 

'* ; •' forms ,ilky i,e.siU 

, f. 150 (decomp.) W heo treelcl ,ith snilinr, it yields s 

NHPh CO-SH.,-,„H,Br, which f„rl 

^U,cry«ul*, m. p. ssa (dm-omp.). When iKnle.l with elcoholic 
y^tun bjdroJtide, * brooio-a Daphtl.ylcarhamuvla? .iu,ido yMs 
, y ,.4 W-oeluipiMyMT^m^ ft >(N H -C^ll^lir); which crystilliMs 
* eiikv iioedirt, m. p. 145 — U 6 ". ^ 

iM lioiJjDg ;»-bromoaniliD» wiih a h^phthjlcarluumyUruimi.le in 
^tjlic solutiOQp *'P-i>rOfHOphen^l^^H(ifJuht/i&irbamvlii 

C„H--Nf!CONHCVf,Br, 

^ p 232^ w obtaiced. 

When etbylc«rb»mo)lij£oimide i* aubjtHted to the (Mignuni rot^rtioi. 
,;iA phenyl bromide, etbyllhenzamide, NHKiM'OPh, 

Similarly from phenylcArbamovUzoiiaide. phenyilMinximide 
» (jViineJs rheDyleftrtiamoylaxoiuiide and . . - - 

ph^n) Ipropionam ide, 


ethyl iiMlhlt. 
K. V. sS. 


The QuMtion of Priority in Connexion with the Replace 

f“‘ f Alkyl Haloida. 

b»st hrcTH (Ar., 1914.47, 22bO-2'.>GI j.-A den.al of tl,„ ds.in 
« ptietiiy recently adv«tice.l hy 'I'schitPchibehin nnd Jel«esin (this 
'• .1, W, 

Reaction of Alkali Salta of Sulphonic Adda 
nth Alkali Phenoiidea by Dry Distillstion. Kihish H. Noi . au 
M Uovn C. Danieu (J. dnier. Chem, Soc,, 1914, 36, 1H8,^» IbUl) 
The prcpwrelion of phorols by the intcmction of alkali suli.hornites 
a l.jJroiides enp-getUd that aronialic elhcrs shonid he similarlv 
iunsble from tlkali fulphonatea and phenoxidee. Kxmtin.eois 
a« theicfote been cerriod out on thn dry diMillatioo «f alkali 
5!p>'0»I*a "ilh alkali phenoxidra and have shown I hat thla is a 
Mtmeot method for preparing aryl ethers of phenol*. The y ields 
l' W,-" obtainable by Ullraann an.i ,S(onagelV tnolhod 

V 13U,, 1 , -W), buf. in some cases, the eoropoonds used can b« more 
piepared. The reaction rrohahly takes ,daee in aceordance 
^.Mbe .qoat.oii: R'^M + H'-OM U'•01t + in which 11 

tst tb# phenyl radicle or one of lUi boraolognes, provided that. 

sTL'i • f'’’ * "“^thyl group, whilst K' may 

« * pb«Dyl or amicophrnyl radicle. ^ 

rw, following ethera have Wd prepared bv lhi« nieth<id : Diphenyl 
phrny ^tolyl ether ; phenyl n-i rytyl aktr, C',H,Me «ODh. 
^rU (corr.)/49‘4 mm., which fonnH .horl. 

^ •"H.O.H.Me-OPb. b. p. 102-104T67-4 mm, ; phenyl Ihymyl 
*r>d anisole. ^ p- ^ 
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Dib«i*yHhiore«orcinol and Dibeosylthioqomol [I 3 
1 : 4 I>ibei«ylthiolbeD*enee]. Cnsiii Fwii {Oatzatta, I § U. 4 ^ 
ViTTOBii Fuw/jttx).— 1 :3^DibBiuylthiu 
bM ra. p. SO’ (ZiDcke Bod Kruger, A., 1915, 1, 45, ga^ 50^1. 
an ttbweal solution of the subeUDoe U treated with hro3aii<j, j 
rfiSrowio derivative, C’ h obUined ; it ci7sUUifie» it 

taJdeU, oj. p. 107 ^ When 1 : 3-dibeDtyUhiolbeDtei» » kept in 
with concentrated nitric acid, a wtononiVrO’derivative, 
obtained ; it form* yellow priem*!, m. p, 93®. 

1 ; A-Difj«nzifUhiolb«mma, CgH^(H*C'fI,Ph)^ U cloned by 
deoftation of thi^iquinol with benzyl chloride in the pmence of 
bydroiide. It form* liwtroua »eale«, m. p, 137®. When 
hydrogen peroxide, potasaium dichromate and acetic acid, <<r 
acid, it yield* the aulpfuxxuU, P' 241°. On 

with hydrogon bromide or hydrogen iodide, the anlphoxide 
1 : 4*dibenzylthiolV)«Drene. The iuiphone^ ob’iOLrd u 

boiling an acetic acid Boluiion of 1 : 4*dib«niylthiolbeni.*;.,^ 
hydrogen |jeroxMe ; it become* brown at 280® and ntelU at i! ^ 

1 : 4 d)ibeniylthiol benzene reacU readily with bromine in t h! r. 
jwliition, yielding h f>frtromph, which i* a red, « ry^u: a, 

atibutaniC, ro. p. 85 . On keeping or on U)iliog with ab‘*h.i 
perbrotuide lose* all iUt brominet leaving 1 ; 4-dibenzyhhio’iiK;.i^ 
When the |K;rbroinide 10 boiled with water or alkali, howi^v.r, 
Mtilpboxide m. p. 241 i* formed. 

I : A‘I)ihenzyltJtioih*.Hz«n$ periodtde, forma brown cry^ 

m. p. 120®. It i* much more stable than the perbromide. h 
powa very slowly when boiled with water, rapidly when l)t)5ltd »,u 
alkali, but 1 : 4 dtbcn 2 yhbiolbenzeDe is fonn^, not the 
The Bulphoxido is produced, however, when the periotlidc i* “biA 
with silver acetate m acetic acid solution. U V ^ 

Periodidee of Acid Amides and their Additive Product* wiit 
Metallic Salta. Substances of Exceptionally High Molecule 
Weight, K. J. M(x>bf: und Kutii M. Thomas (/ Ame*. i sr 
1914, 36, 192S -1937).— In the course of an inveatigation o\ y 
bromoamide (Moore and Cedoiholm, A., 19C6, 1 , 831), an 
made to prepare benzoylioJoamide for compirt,‘>on by diiujolving : t» 
in an aiiueoim .solution of sodium hydroxide, adding powdere^J '*v< 
amide and acidifying with acetic acid. Instead of the dt^iIei ® 
pound, however, a ywriodidc, 3rj.H^’CO*NH2,NaI,I^ wa^- 
which cry* tail ined in long, slender, green needles. This 
bo readily prepared by heating a mixture of benzamide. so<liurfi ic** x 
and iodine with water or nitrobenzene. The corresponding f 4 >Uiirv* 
compound, in. p. 128 — 130®, was also prepared. A s 

similar character was obtained from benzamide, potassium bromic 
bromine. Benzamide, (Hitassium bromide, and iodine yield a cvra/**** 
which forms greyijili green needles. Dibenzamide, poUvdnin k ^ 
and imline furnish a green subttayiet^ resembling the forri>p’ ' 4 
benzamide compound. The eompoutui, 2 CjHj*(X)*Nn«Hl,l« 
obtained in the form of dak^ with a grtenish-black iridci'ccrc 

The and eopptr compounds, SCjHj’CO'KHjjBAlj b ^ 
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uutue^ yicJd 

- .Hgl,. 

»rkMbi« for 


art» rem«rk»bl« for 

^ ^^.ptJOWllj liigh molecuUr wnght, that of the letter h^iun 
A crpUlliiw eompound of K^owmide, mercuri.- iogUde, hy<lrc»i-en 
ijjd iodine wm prepared, but wes toj unstable for ana!v^t<^ 
l^^iione were obUined of the forruatii>n r.f simiUr peri.vjbled from 
j(^a*Ktde, p-^molieniMBjde, phthaliinide. bentrne^nlphonMiii.le 
dririous aniudeg. Succinimide yields the c\}mpoiiod 

U*^s Iws alrtedy been defohbe<l by l^utti ( A , IHH6, i, 3G4), 

K. (J, 


I)vDitro «’ftry|***^<3yIic Acid«. Mononitro wi arylsalicylic 
cidaetid m-Nitroxanthonee, and their Derivativog Arrino 
{/;atum, 1914, 44, i, G41~ 040) -The rn dinitnmryls^li 
i^iaieuro-e-iryloxyberrojc) atids deerribtHi I>elow aiu proiwrod by 

2*chloro-3 : S-tlinitrolH^nzaate with tbo HMiuim doriv!^ 

c4 phenols and cre>-o!s {it a tomperatore not creator then H0 \ 

? 5 />m>/ro-2-;>A««Oiry>eNt<iic«rn/, * dMrtV,H,( Nt jJ/( ’OJUuruis lado 
■b*( rfVAteb, ni. p. 148‘ . jt.-*' cfArr lias nn p. itS C 

? ^ forms palo ytdlow n ynulv 

I* j30 . It* et/if r bus III. p. HS ; ' 

yXf)tNfirih2'ni (o^y/ojrt/h^ftZ'jic onW rtysUUiMK in yellow tiredlfw 
p 164^ * 

yi^/^tntifo2~p toif/fort/fj*nzotef(cii{ ba^ m. p, 15 T o ', 
ffbeo 3 : 5 dinitrO'2‘phenoxy benzoic ncid in treated with concentrated 
arid on the wator*l>ath, it dfH3s not yield the corrHspniidio^ 
A higher temperttnro (abont 150 ') it is Milphonated 
the fu/;»4<mw octV. N0^H*(',l^*0«(y l,(No..V/ablI, which 
in scalea, m. p, above 350° (docomp.).' 
n* Wlottdng add» were obtained from 2-chIoro-:bnitrol.enzoic acid 
ikrtuiewayaa thoae already descrihe<l. but copper powder munt 
itibd a catalyat and a temperature of ]7i»' is needed!. 
kVtini e ;^e«ozp6<ncoic acil forms eolourlfl,.s needles, in. p. K.K^'. 
j.^Uro^2o-to/y/oxyA«»toic arid forms ct.Ionrlcfs leatletK, nn p. 

The corrrsfwndinp m and ynevh have m. p. 172'^ and 
, rerpoctively. 

leaflota. m. p. 177\ 

’ \^*^o-2-in^ht/droj‘t/idieuo.f r/f^etizoic arid has rij. p. 2!l’. 

'Nitro2 phenoxybenz^ie aeid wlien treated with Ktilphuric acid on 
nter hath readily yieldH tlio correspond ine nilrordnihonf, 
C„1K0,N. 

Bn ammonium sulphide give the aminox^ntfiouft, 

P- KivcH An acelul 

Lv- J’ P‘ aminoxanthono een Ikj 

-^<1. ihe Bolution of the diazo-componnd on boiling yields 
--imnthone. The ditzo compound gives a yellow preciniuto 
phenol, and a icarlet precipitate, ro. p. 255 with ^ naphthob 

H. V. S. 
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SulDhoaaHcTUc Acid End Us Hexanjethyleoetetramin* 

J. D. KjEDKt {CW 1914. i. 1896—1897 ; from RwU, ^ 

19 U 17 — 23 ) — Whfto crj^tallirod from water and dn«d belo«r 
toIphoMlIcyUc acid coDUint 2H,0. and ha* ro. p. 
anhydrou* acid w obtainod hy drying the aobatance at 105 hr , 
ti®«; itdijcompo^^a at about Th« ready solubility <A h 

wlicylic acid in water do« not afford a mean* of detecting th«? pr^ 
tn it of aalicylic acid, wnce the aolubiUty ia not affected by 
of up to 4% of the Utter. lJ«xal (primary) %nd wok^r^ ^ 
bexamethyleDetetramine eolpboealicylate) each cootun IH.O 
former docompoeea at alx>ut liXT' and the Utter at 180* (eon ^vif* .4, 
Yol., I, 45). may be obuined in the anhydroui rUte by dtr^ 

under re<luccd preaaure at but ntohfxal decompoaca under '.i«, 
conditions. Anhydroua ruiohtxal may, however, be prepifKl 
anhydrous suIphoealicyHc acid, hexaaethyUnetelramine aiid 
alcohol ; it cryatalliae* in prUms, tn. p. 180'. W |* 


m- and p-Phenylenedithiolacetic Acids. C. Kiszi 
1914, 44 , i, 57U -5s7. Compare thia vol., i, 294). — m./'A^/.v #v> 
thioi^ 4 iie I’^ll/S'CH/COjIj^, can be obtained by the 

tian of liiioreeorcinol with cbioroacetic .icid in alkalme »!( L « 
ioiiition ; it crysUllises in triclinic prism-*, m. p. TliC«i/r^<u 

C If O was preptro*!. The (niiliim salt, 

has m p i:t4 '. The acid yields a mofio^omo- derivative, 
C,if,!lr{i5*CH,-CUIl)^ 

m. p. 184”. When the acid is o.'ckitsod with hydrogen 

corrct-pondi ng and ttulphon^ are obtained as white, 

subBtaiices. 'rheir itilver falt.s have the i'om|X*sitionfi ^ li,!!,* 'C 
an«l res{>ectiTely. 

the condeioafion of thic<jninol and ihloicacelic acid in - 
^olution ; it crystallise^ in slightly yellow prisms. The » 

C.Jl AH,Na., and the silver salt, Cj.H.O^SjAgj. were frep.rr l r. 

aalt. C,n,(H-Cll,-COji)^2NH.,Ph. forma long pn-m^ 
aoflen at 123'’ and are completely melted at 163"^. The 

m. p. 168^ (dectuiip.) aiul gives a silver salt, 

sulpltone ha.s w. p, 226^ (decomp.) and givc.s a silrer salt, V,U, 

n. Phenylerxe<jithi«>Ucetic acid does not react with bromine. 

As thiuquinid is present in all samples of thioresorrirot, 
quantities of /sphenylenwlithiolacetic acid are produced in thoprfr*?' 
lion of iN-phenylencdithioUcetic acid ; their removal can U 
carrying out the condensation in particular conditions wh^b i.' 
deecribed. 

Identity of Hydrcnaringerin 'with Phloretin. 11 11|‘‘^ 

Fhakck {('htm. Jitiitr., U'14, ii, 25^1—254; from d* 

179 186).” Hy the catalytic hydrogenai icn of narii^ciio 

T., 1010, 97. 2(54) in alcolulic solution with pal ladou.s chir 
hydrogen, a dihydrenarirginin identical with phloretin wasi 
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forms prifiiiuatic pl^lcui, m. p. W. Wht‘n 
^ ciiii potis<ium hydroxiae in « r^tiux ^pjonulu*, 

y**^*^* phlaro^liiciiiol tind p liyaroxy.Hunnaric fteid. 

obtiiiwl by tl«j liyatog^utiiiou uf iiHriu^t^nin U> 

^^iu-osum wbeii 1-5 gram wx** given to « dog ^lO ktlox). The 
obtiinwt with comtuvioia) phtoieiin are diM to the 
J phlorrhitin which wa< found in umouuU up to 30 b- 

N. H J. 3!. 

04 tiJy^ Decomposition of Bornsol in the Prosenos of 
sod of Metallic Oxides. J. Au>y and V. Hhu«tuk 
f CAist.j 151‘4, ['^ii], 10 , 4y — 51)- — l^»rneol is conveitud into 

i»pbef scd hydrogen when it in elowly over hot, htirly dividinl 

1 ^. 'The yield of camphor ittvre.i^eli rfguUrly fi-oiu 'J 4 n' 
li(’f — 30^^ 1 ssd it (luantitAtive at the latter tetu^teraturo if ihi* va^Huint 
r y fufticieutlyalowly over theoopjier. Above 30(1, the proportum 
aa>phor decreiaea ; at 350^ it is still runsiderable, but ahuve 400’ 
jittuid* are formed rew^mblirig the ter|H‘nes, WiUi riHlutod 
cwl, cimphor is obuined at 330^, whil>t at 450 li,|uid tyrjK'iu's hio 
r^iactd. iron gives saiisfaiUjry resnlt^t. 

ft# behaviour of borneol in the presence of the oxidcH of alitmiiiium, 
iimniuco, and thorium b.is also bci n studied ; tbo latu r gives 
^ best yields. The ex fieri meuts aic pterformeti in the ^^ 4 me nmuuer 
! tith (he melil* ; the Uio.>,t favourable tetufjerature is 350'' and miOit 
riiveil 40b^ The product i? a pale yellow lujijid, b. p. 150 ISO'^, 
1*472, Qi,+ r46‘'. On fractiotiitiou it yields pinene, 
p 156—160^, l)*'^ n* " 1*472, tind a smsllur poition, b. p. 

the nature of which ciuld not be ildinitcly proved . 

Ttf^encs are aUo foiuusi by the th*co!ii|W)njtion of boriuol in (he 
tWE« of copper at about 4h(P, aiul tltM puslurt vm be fepiratod 
bjcyclic terpen* a, b. p, 155 -IhU', 1)*^ 0 800, «nd iiiuiuK'yilic 
I ifflcarixjnsi, b. p. 170 -175 ’, I)-® 0 s. 50 . \{ \v. 

AcUoa of Ammonium Hydrogon Sulphide on Thujono and 
: Csrone. C. Auostinklli 1014,44, n, 111 115), 

hvtte<l in altHibolic solution with amntnnium hydrogen sulphide, 
. 1 * KitiV ia transformed into iAOihujone, tins then refuting fnilher with 
#*filphiJe to form a inixtuie of polysulpludcs ; anii>hg the protlucU 
ln'x !ispiji.iiion of tho latter, only thiotVo; litijutio could Isi detede*!. 
li 'Icr similar treal inent, ciuonti yicld'i ijo isoaieride, all hough iu 
«i' for mu lion into LMrveiioiic, which is cfTecUd reailily hy ibe lictinii 
or of I'onwnlnitoii stilphuiit; and, would be expected, Tho 
TdrtrU obuine*] were .•sulphides of thy {•oiiijn>,‘*itionH (( -j,,!! j J,,S atid 

T.'ii. 1*. 

Hsaential Oil of Arteuueia urbortHcene, I,, T. Jona (Attn. 
ApjiiicQ((t, 1914, 2, ('3 I )i>till:»li(Kj of 2 (juintals of tlu» 

#hootii of ArtttnuoKirl^Of eH<:^vs yieidcsl 1 140 graojK of a dark blue, 
Y*hat viscouF, aromatic oil, I)^ ’ 0*2458, ^uptiification mimber 2lf'3, 
’■* icjnibor 9*8, ester nurutwr 12 5, cs(cr number after acetylation 



L 1134 


AlWTKAtrW or CimJIlCAt PAFB 8 S, 


50^ J it ItUiaioH cl6*l' — 15 , T^>® oil CODtAlOf • {1) ^ 

alcobolj of tbtt f^rmuU coiwUitDg of Uiojol wmJ 4 

portion of Another »lcobol, wbich is Apporently borwol ; tj 5» ; ^ 
IlcoboU »to i» Iho free »Ute »n4 the remsuniog 5 36% in tL« ^ 
r»ienf of f»lty ecid», (2) Fonait*, acetic. uoT»I«ric, 
palmitic and eioaric acidi*, partially e-teri6ed by tl« abov.? 

(3) About 13% of ^^Uuacetooe. (1) Various hydroearWH * f 
boiliog poifttp». ^ H t 

Oiln of the Conifers?. I. The Leaf and the Twig O 14 ^ 
Cuban and Loogleaf Pices and the Cone Oil of 
Fine. A- W, S.'tioKuER (X //«f. A’wy, 1914, 6 . 7_:; ^ 

The perteuUge uf the oils were foutl i">>, 

Miovri ; 


Kurfur^M- !i 3 'i« 

* t ^ 

('A riin ii ■ 

l!<,rfiyl r '1 
Krt«f* aloiiiol r* 
((.i 1 i uk'sh- .. 
!>»?,, vt'’. . . .. 


i / 


Leaf Auil 

tWff-. 

IvongjIciO. 


bdf ah*Uwi}i. Uaf. 

i ^ 

trace 

trace ir.i-*- 

* 1 

\ 

8^0 

■ if 

10 

13 14 1-3 1; 


35 :ii> 

44 r»o 


8 

5 5 


3 5 

2't 2 


n 4 

lU'O 0^ 


IS 10 

10-11 tl 


0 

*j 1 
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Components of Blesential Oil of Santolina chas* 
oypariBaua- L. FKANriaooNi and S, Oranata It'H, 44 i 

[50 162. Coiupai'e A., 1911. i, 1001 j 1012, i, 36). Ibi* 

oil I'oiitaiin two i;<omt;riu unwiturirtcd ketone!*, teiUH'l a- i' . i 
siuilolinoiiunts. The a-conipound is optically i native iu^J [ : . 
racemic, fince iU molecule contaiiw an onyinmetric tar'i')!; 
itrt hydroxylami no-oxime can bo separated by meant nf ; ris 
pborhulphotiic acid into the two antipodal form.-*, ‘ll.v 
is abo iraelivo and probably racemic. The oil c JiUan t i .r 1 
lajTorotatury y ketone, yielding u dextrorotatory oxime. 
ketonis do not conihino readily with s-odium hydrogen .sulnlale r •.•j 
free hydrazine and do not yield ery>tallinc products wi'.L ; :>vp 
hydrusine, broraoplionylliy^^f‘‘^b]e or bromine. With hyh 
the a-com[K>tUid gtvat tir-t the oxime and tlion the hydroxylawir - t 
but no Mimplo hydroxylamine ; the^ ketone yields no hydrvJi}^ ^ w 
oxime, but a liquid ((xime or the hydroxy bmine, one or i.lif 0 
dominating according to the tonditionH ; the ycompound givt- 
oxime, and appears lo bo saturated and of the camphor \y^^ 
reparation of the three ketones is described. ^ 

Like most oximes of saturated and uneaturated ketont?, * 

and santoUnenones yield the corresponding ketones whvn 
with acids, which do not effect isomerisation of these ketone- * 
sc{[ueiitly the double linking cannot be so placed tbav _ 

readily, its ai^Sposition being thua con&rmed. The 
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l^U*\ («]» iifdrochl&riJi forms lou*; 

;*_!«■. Wo +64-3P. '»■ 


]*nMiis. oj, j». 

T. U. 1 *. 


jl^biUrobiD. Him Fistmt Iui4, 47, 2o3e~~2133\ ~lr 

^ tUt^ (U»« ¥ol. 1 , 888 ) tlmt bilirubin, like im^oiin muy 

^nJttoea U ASObs^ce wbjch yields uiethyh^l.yluultimido on sub^ 
c-iid 4 UoD. Thw gub«Unce. mosobilirubln, is m>w diwrilu^d 
.Uken witi .odium amnl^uo), it in funlHr i.duc.d to Imtui- 
»nd, on Uie other hand, it is fornitd when hemibilirubin is 
^ with pota^iun The by-prtxluct 11 , w)m], u formed 

the reduction of tba bile pigment to hernibila ubin. «Ko yudds 
^|.{iirubm under the latter conditions. I'hwo is, tbenfoie the 
i## cont-cjcwn b^ween these compounds that Ihercis between ha'ujitj 
and ^rphyrinogen. «nd it la siiggt»ated that tb«’,mm« 
ti«;buirubm, which givea a wrong idea of the relativo weiclit of 
)0 siJiecuie. should give place to mtiiMirutiuoyfi,, 
far th*< prejiaration of uiisobiUrubin, N or (' II ON 

wan dissolved in O-LWyilium hydroxide uiui si;!ik 4 .n with 
i^ladium in presence of hydrogen, using thrini iiorlians of 
, r J a 1 % soluUon of the preparation for fi grams of (he idginent 
pigment ww then precipitated bj acetic acid and ohuined in 
Mjbar-yellow, slender, felted netillea or atout priMiis, m. p. 
ke^ttp ! which responded to Umetin's reaction, but not to Klirlich’a 
Mithjfvie test. 

Itog the distaiation of a mixture of the esters of |»,li,ubie and 
.^.ropjtroWboxylic acida (thin vol., i. 43U) u dmu. yvllow com- 
»t4 ^ejarat^, now identitied aa uii oxidation product 

^Ir xant/wbilirubaU, U formaslendc pr.^.ns’ 

^ Pigments of Fusarium. nKx.ssoNoFr (t ompL renr/„ Vj\-\ 
5 ., W.llstiittor and Mi.g 

A., 1 j 07 , i, HoO) the author haa isolated two pigments from 
t*rJ.tirmg matUr of /’usanum are^«ncAus. one a yellow anthocyanin 
wluUe m water and alcohol, the other u red carruteno. Tho 
^r i* ideuucal with that descrilitd by Willstalter and Mieg, with 
i^cvlo Its ^haviour towards solvents, being, however, more soluble 
^m.roform than in carbon disulphide. It crystallises in platen, it 
^^^coiounn solution under certain conditions, a violet rnodifini- 
^.ogobUined in alcoholic solution, reddish-violet in solution in 

r. rv U modifications 

« 0.1 . Jbwrption band at the left of the spectrum and two 
« v Unda between this and the middle of the spectrum, all the 
in passing from tho violet to tho 
_^ih(ation. The pllow anthocyanin pigment crysUlIiscs on 
^ * aqueoud solution, and is always accompaniod by sugar, 
w t weak acid and readily combines with bases. 


W. 0. 
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1 1 1 : 4 .TritiiethylooQmwftn<ma* K. tom Airwtn 
47 353i-~23M)).— IncooiiJJuAiiooof »»t«dyof t*AllejUxm»4n^.^ 
{cJmp^n A., J912, i, 1009) fttUmpU Ii*t« bean mnda to prrp^ ^ 

1 ; 1 4Ulkjl dfcriiratiy«i In viow oT Uw mobiUtj uintJly diipUj*^ ^ 
ft bjUogen atom when attachad to a tertiary carbon atom, ii 
p«£ted that w^a i>romoiiobutyryl*y*er«iiol, 011 *C,HjM«*C 0'L 
wutild eyao Booie readily suffer ooDdenaation to a coumaracwt 
the a balogeriated o acetyl- or o-projrtonyl pbooola Indeed, m M ^ 
Mem to be improbable that the cotimaranooe would be formed difn .» 
during the preparation of the biityryl deriyatiye by the conarii,*^*^ 
of n-brooio-iaobutyryl bromide with j» toly! methyl ether, Hourn,,, 
llrt) sole product of thia Kriedel-Craft’a syotheaia U the aliot% 
brorooiaobutyryl /j creaol (80% yield), which is all the more reuiuiuv* 
»ir»oe, under the iodaence of alttminium chloride, the bromine lusgf. ^ 
leaat have been replaced by chlorine. When treaty with zic^ 
and acetic acid, the compound wniply yielded »-Mobut)'r)! 7 >tM® 
(future communication), whilst, under the influeocd of A’kilinp 
It merely exchanged hromioe for hydroxyl, to form the tertiary 
UH-C,,HjMe-CO*CMe/UH. Strange to aay, this ^mpounJ ,^. 4 , 
j^Uble' towards such dehydrating agents as formic acid, 
liichloride. 3U‘ >ulphuric aciJ. alcoholic hydrogen chloride or 
hydrogen sulphate. Since the desired condensation couM r.-t ^ 
effected by the above schemes, the action of organic bvi-** 1 * 
a-liromotwhutyryi-p-cresol was Irffed. It was found that du&fUv 
ami diethyl-aniltncs bring about the desired end, wberws pyridi..#, ^ 
an unaccouniablft manner, yields ;>• hydroxy toluic acid. Tb^ 
characterifitic derivative of the new 1:1 ; 4 *teimethylcouuur 4 r.i:i»^ 
the semiearbaxone. It was expected tliat this compound wmjU Vit 4 
I ; 1 : 4 -trimelhylcoumaran when heated with sodium elhoxi ie, 
werntd, at first, to be the case, for an apparently indifferent 01 ! «>{ 
right jiorcenUge composition was obtained. Later, thu »v 
ret'Ogtiised, however, as a weak phenol, namely, 2 hydrux) 5-^ 
methyUty retie (compare 0- hydroxy aa-diphenylethyleiie, Suwriu*^ »■{ 
Kippe, A , IlhM. i. I 8 ‘i), formed by the addition of water te :.i- 
cuutnarsn, with opening of tho ring, followed by elimination <1 


fn>m tho toitiary alcohol, thus : 

xvp OU-O^HjMe-CII/CMej'd} 

^ CMe,^" ^ 

-Oy OH-CjijMe-CIlXMoj 

This phenol aUo synthesised by the action of magnesimu - I; 
bronmlo on humo^alicylaldchydo. Mo^tof its derivalivos (r «c. - 
be oils, but It yielded the wuW-definwl 4 u*-i» trimethylatyrotyi4 
whew wanned with cldoroacetU' acid. . - 

The above compoumU form material for ppet^lro chennca 
tiun.i which will described later, . 

in-a /^romoisoAutj/rj// p-cr«»o/, OH*UjHj|Me‘CO’CMc.jl>r, ^ . 
yellow oil, b. p. 154“';T2 ram., 156— 157^13 mm., 166 I'm - 
bf' 1-3669. Df 1‘370, 156400, 1‘57141, ^ 

at 22 * 3 ^ 1-5724, and its acetati has b. p. 1^2 by »• 

1)^*1-3173, Df 1-324, n. 1*5-2435, 1*52883, l-54uo4,ii- 
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gr*du»ny in «,ju^ni=> sodium 

yiddiDg 

^ Ufhl V^^m »n *^1. yellow. sp.rklu .. j.ri.m., t«. p. 

U ki* b. p, 161 — 162'. 18 mm., !>"* i uiM'^ u |•5U8*U 
[^70,«, mS42 », 1-57053 .u 54 , :. vMlrt \-..|a™u'.n 

t«mc eWoi^ •»<• l» readily ojidis«t l.y i,ydr,i,-..u |iaro«id* t« 
„*9M»Bd;»-byoroicytoluii-iicid. lud.Ww.ij,, C, n,,o , f..,ui. sli.reu 

Wid loiij;;, fl)«t neetlie^, u) j> ^T b t» 18 *’ l^"* IS 

«d iu«jrt*y/ .<*«■, (».MB-e,H,M..i'o-f.M; -oil. 

^ U l^jl _»ulph«te or «idiuui and luaihvl ludui,.. m-, wraths fmu, 
^ prtroUom in long, daU luHrouH pi ism.^. m p M M :» u ii 
mm. The Mmicariiioni.. 4'„II,.0,N ,,•„„ Uy fu. nie.1 

i *n'l crpUlhsee m slender i.whII.-s, „.. p, dJT -.>^>8- 

Th« $mmearbazoft4 of th« m«Hhyl eOn.r, r i{ 
tficvpred from the forogoing KemitTarbA/.oue, Imt iulA* 
h»»«ibyl ether, in alender, white needles, m. p 1 m 


_ uuy 

ih>ri* it iiihlv from 


A-7y'imatAyk4nuHarauon0, 




r*^ 

^bybotUngthe above m-a-bromoMrtbutyrvi ;»t■r^^>ul uiih liutliyl- 
ailme, pouring Uie solution into cold, dilau* sidpluu ic arid. r.mv.TUng 
b»di»ulled oil into th« M-micarbaioim, dc4»>m(i.»Miig tlun l»v mcuiN of 
«rtto(i»ted oxalic acid solution and rtMiisuIln h ^orms\*o!,n,l■lc^K 
prialn^ m. p, 34~.16®, h. p. i:i7 lO mm., U:.^ mm Tim 
trool conaUnta for two apecimeriH are given, ti,.. lo.^ro lru^^w<uthv 
Ktjfb p. 159’5~~l6l'r) 26 mm,, [>;* • 1 ]IH, \r Mi:), 1 r>l86H 

.,1554*5, rSTlOO, 1 '5871 1, at 2U 6 ', TijV 1 5550 . It j,. umckly 
vimd by hot hydrogon peroxide to /.bumos^ilu viic and. Uh s^mt- 
rWa« forme email, white, glistening ncedlfs/ui. p. 2;i‘J . luid its 
tww baa m. p. 128 129'*, and Kublimos un tlir ^v;lt^‘r-b.l! h, W'lmn 

^ i«fflicarbaxone ie heated with sodii.im „nd ‘tlvobui nt I6(i ]7o^ for 
•♦bouns it U converted into h-Ay^ror,/ wiufh 

ifariiaa, when the eolvenl is removed iind the nMduo m -liluti-d with 
iJw, M a pleasant amelling, t«oltmrliiw ml, f,. p, 1 1 | j ] ; .,, 1 ^^.^ 

•ciawti, b. p. 121— 131-4 /13 mm., was obtairm,! l>v iho inU-nuMinn 
iMgneaium iwpropyl bromide and /^hornusalicvliilib.liyile. ’rim 
rta^carbinol which is first formu i gimlually MifTers tin* nwoKsary 
-of water on dwtillation umler 2U mm. pressure, but il is bn^t not 
kWeapt to expedite this by using debydrating agonU. Tim com - 
fcodu a phenol for it dissolves in concent r.itcd sodium hydinxidc 
m.a .«(Ay/ e^Aer, ►, h. p. 117 2 il76’ 11 mm, :nul reacts 

■IS fb oroacetic acid in alkaline lu^lution, yn J<iM)g I meiAy/ *2 ism 
^>/pWttyf<ce(»c ««*/, (’<),H-C:|I,*0*r,H,Mc*(:H;cMH in silky 
titeoeedlep, m. p. 80—81° j. (^' w 


SuDligUt X. Behaviour 
Ketones. K, I'a-jkk.v, Iw.tl, 
U.,i. °* *‘*^‘1 (GiliztUa, 1914, 44, ii, 9'J — 111. I'oei- 

pairs of couiixiunds Imve W-o 
^<0 the action of light for some u.ouths .-ind ibo resulliag 
iQvo&tigated. ” 

CTL i, , 
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Cooime and b«Bw»|»h«noD* jrirM beoxopinMOii*, iodiMtic^ 
»]k»t<Hd hjdrog«o. 

NicoliDe and beoiopbeuope give tbe wmpouM^ 


cryatallUiog in needle®, in. p. 151 — 155® . 

SperUine and acetophenone yield aceiopbenimefdniconr ^ ^ 
cetatinoua 6a«, the plalinicJdorvk of which has ^ 
C,jll„N^C\HsO,H,PtCl, (1) ; tbe haae exbibiU colloidll propi-,^ ^ 
«how8 shining, red granules of altrainicro««>plc dimensioDB. 

Hparteine Apd beoxopbenone give beniopinacone and a jelb« ^ 
which is apparently an additive compound. 

Piperine and benxopbenone yield bensopinacone, a white cca^ja^ 
ID. p. 15b— 165®, and a small proportion of a yellow componr;^’ a ^ 
about 200°. 

PapsTetine and acetone remain without apparent change. 

Strychnine and acetophenone yield an amorphous, yellow 
turning brown but not melting at 280°, and forming a pimir< 
corresponds with that of a compound of 1 mol of BtryciiDi?.? 

2 mola of the ketone. On prolonged exposure to mr at i ^ -ij 
compound loses about lOt of its weight, and when left uud^ r » 
jar in prefence of acetophenone, absorbs the latter in large prep 
as much as 76% being taken up in about throe and admlf u. 
The compound has marked emulsifying properties. 

Strychnine and kenzophenone seem to yield a polymerids i>f *:n^ 
nine capable of absorbing large proportions of tlie - it T% 
resulting product is a yellow, amorphous . substance whidi <{'.« 


melt at 300°. 

Narceine and acetone give : (1) A 6osf which forms tihiiiii;^ a 
m. p. 2;H— 232°, and is apparently a dehydrated nancii.e u 
formula C„H,iO.N ; its plaiimMiti'ide and picraUj ta. p. !^5 *• 

wort) a DU lysed ; cryogcopic measurements in acetic acid gave 
rofulU; (2) a base, (%jll 2 . 0 ;N (Ih which crysUllises iu plhU^ s. i 
156 — 160’, and forms a hydrocMoride, m. p. l!l6 — 107% and 


chloride. 


Narceine and acetophenone jield an intensely reddish hross . 
phuus j)owdcr, beginning to decompose at about 220^°. 

Narceine and {lenzophenone give a reddish-brown cry^taliir-' 
}>ound which is being examined further. I 11 • 


Inveetigations of the Morphine Alkaloids. I. 3. 

[with 0. Krdber and E. Ausr] 1914, 47, 2312 - 

According to the fotmuiic usually assigned to morphine an 1 
(compare Knorr and Horleiu, A., 1907, i, 789) there is, in ‘--''I* 
double linking in the )3y-position with regard to the nstr* cs 
The author has shown, in a number of papers (romp-iro A ^ 
189) that cyanogen bromide readily ruptures such a t iui!. ^ 
nitrogen atom, rather than remove a methyl group from - 
Applying this reaction toacelylated a-metbylmorphimethu c 
dark oils are formed if the hydroxyl groups in these alkaloids » 
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«o -ioub le linking in the i, i* f„„„a 

U,^ ««,p«.n<l tehaT« Ilk. tr,motby!„»ina dim.ihvlauilin. 

gtwp, -hM., ^ing con?.rUj into liw ,um t.vdo ..mn,; 
j-t N. Thu ^o»8 tlui tlio romplu-niea structuiv of iliottlnr 

of ..h» ^ '!0‘ <1*^ acioi, of L 

bromiJ.. Theb.iiie, Uowovor, a.«^ not 1 ko tha A' mothyl 
but to oombice directly with iht* ri^HiFt iif \i y j • i 
ou the other hend, iu the form of their luvlvl derivLivl^do 
ru^are of tho nn^, but exchange a .Vm,t).v] gr.)u7f«r 
^^v.. Dibydromorphino. dihydroi^oJeine. muI, j.roUblv iliu- 
.ibei*ine {Olden^r^, A HU3, i, lo03) behave il, the .^mo vv at 
mhortbe«forodr»W8 tbecoueluMun that the particular double 
.g m morphine and codetue i. not in the ,K>^itum. that ia 
‘ H or 13:H.u,u| 


fl 


I ill 


H 


H M 


/ 

\ 


\ 


\ 

O 


eitho 

8tigge>ls thuf^ it} iMiitraj^ito 
theUire, there is no double 
hukirg, but r;ithrra bridge 
u H,. l>etwoe« tho atoms G iitid 8. 

\ / ' annexed formula is 

i,)U thei'cforo pnijsised for mor^ 
phiue. This would heljt to 
explain many «f tlie pro- 
blems connedod with the 
constitution of morjdiino; 
iii veiy diflicult to eliuiin iie h}drogcn 
ami to combine bromii o with the 


Others, the facts that it 
from chlutomorphido 

Duicai. 

r«r,,no.««tyl deriv.tiref, ol,Uiri«,l from morphii,,. ,i,.,I .oiloino 
l« iV. been liydrolyfod, Hrst to tim .•icolyl.fre. fompoun.l- uml 
B^lv !u i.„rmorpbino and norrodeiiie. TI,o disi-nvery of llm bitlor 
iii.!»r,ce (A demethylocodoino) by OielK und KircliiT (ibiH vol„ i S)S9) 
. *1 the iiiitlior to give tlie present early arcmiiit of wimi ivas 
to be an exhaustive «tudy of tlu-o compounfN 
-.rrogei, bromi.i. (1 mol.) i« a.I.leJ to a romxmlra'uel chloioform 
. .. n of ..cetylmetbylinorphimelbine (1 mol.) ami warmed for two 
'-f On .1, luting th« solution with elhur, tho methobromi.lo of tlio 

evaro rlellvativo 

- , Ih. Utter IS ptesent in tl.e liKralo, and crysUllises fiom’ 

m r, Ivory leaflets, m. p. The nsidno, insoluhio In other 

W'al cunipletely soluble m hot wafer, from whirl, the rire|y;„„Mr,f- 
,ntthol,o,nvU. (V,H,.,(l,M!r, separates, on rtxding, in 
P-’OT—iOS’’. 'I ho acilyfryano derivative dissolves 
melhox.de, and, on adding water 
-• 'a?,'” ■' ' cynno derivative, C,,j I IN.,, separates. 

- ‘ tniH an ice* flower- like mass of cryMal?, m. p. I'lb^ ‘ 

^ ^^Hjlmorphine (heroine) also reacU wit li cyanogen bixmide under 
a condiiioos. On diluting with i ther, the wlede of the pio- 

svlma r r* e “l'“**‘* “"<1 

nulS f"' The rtshlue may he 

from hot alcohol, when ctjano'Juuelylnw’htorh/iin^, 

cn-n;Ci 8H„0(0 Ac)„ 

4 <J 2 
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iep«r»t«i » tryitalline powder, m. p. 24(F the yield bemg 
from 100 gr»m« of dUre^lmorpbine and 40 grmoie of 
^midf Dinr^iyidthyJromorfJiin^, prepared frtMfc 

pfo<Jm t of the i^ulnic reduction of morphtoe, m. p. 167 , 1 ,^ 
cvuWiaoB<i/f'i‘Ayira/torwioj7»Ame, in long, mUv 

in p 138 — l.'0J . roe cbloroform rdutioo of toe product itub* 
of ««irlc<»twi'e is eTsp^ra'e'l »« dryoe»» ‘n-l ffwi ifia •* 
iiiethMl.rouiiJ« l-V Cyitnoac^XjlHorcodant, 

i;s-s:<'^\it,0(0iUy0A<!, 

forms miimw cry.Ulii, m. p. i'bI', <VH J 

lu. p- yields ci/infw^u''i^idihy^lfOHoreod«iM, in 1^1 

ioK cry»“UK in. p- • j- » 1 

In ordiT to ren.fjre the acetyl groups* from cyanodiacetylnormof-j* 
it in hent to dirMjlvu the eubsUnce in a solution of potARsium Kyarvirfc 
(2 mot-.} in bit :. iiUohol at 50*^, and, after five minutes not 
li> ijiluto with t«dd water and acidify with acetic acM. Tys 
y/iorXoHS CsS'-N:<‘,.Hu^HOn},. Heiiaratea as a fine powJcr. ^ 
205 whii'h iA nut indetiuitoly ntible in ataaline ^opUk.! 

can h-^ dirirtly f«-«>tylat4'd to the mother substance, and, like 
it yieldn a monohnizoyl dertvalive, ro. p 2G!. . ^ 

iiiHoluhlo in alkaii.^i. The analogoun hydrolyaia of cyano.ii>.i; 
codeine i^ best efTected by diie-olviug the subeUnce in warns, . ••in 
trated hvdrn<-liloric acid and diluting after five minuti>, ' . r« 
,uyTCi.iriuf., (•N-N:(\„nj/)(OMe)-OH, tn. p. 263^ is also eadly 
t>y the inerlivlation of cyanononnorphiue. 

Tlte further hyflrolyMs of these cyano-derivatives pro-eL;.-! -i; 
difficulties, but may be aa-omplished by warming the compeun i> « 
6‘V, hydnadiloric acid for several hours, when the salts u! ihy 
crystalline on cooling. Starling with crMJeino, it is possible oj v*. 
a 3h'^, yield of pure norcodeine in a few days, where.rs I>. • 
Fischer’s methofl gives a 16';. yield. Norcodetne 
coflcine). Nn:<;i,ll„<>(OMe)-On, cryKtallises in leMlels, m •* 
The sulphate, nitrato. and ncetale are readily soluble, 

Poluhle hydrorfJond^, w. p. 309", crystallises with 311.0, tb-' ; -a 
chhride forms yellow loaff(>ts, m. p. 239’, and the t 

257'’, combines wiih 211./). Acetic anhydride gives rise to a 
derivative, hut plicnylthiojarhimide attacks only the " 

forming a ^;/,<»nv/</u^»rarA/iwfyf durivalive, C,-H,^O.j,N-(,S*Nnn^ 

210^, whilst tiio addition of soflium nitrile to an an-!* '' 
precipitates the ?ii/ro«o-d^rivative, which cr>st»' 

yellow leaileis, ni. p. 24G’. SonnorphinA, NH:r,gH,/)d Ml . ? 
262 '"263’, could not be ohUined quite pure, for it is ai'r"’' 
soluble only in hot water or alcohol, and decompo-es '* 

treatment. It is unstiilde towards alkalis, but yields a 
well-defined derivative*. The hydro^'\IorvU,\l\fi, hi« »''• I' 
;>/a/ijnVWtfr;d#, 311/). m. p. 230— 2.3 r. the snlphaU, ^ 
soluble, the IriocHtJ derivative forms tablets, ni. p. 161 ' J,"'" 
derivative forma white leaflets, m. p. 208^ and the ^ 

derivative is a colourless powder, m. p. 245° The 
the oiide ring remains intact throujh all theee change'* ^ 

the conveifion of normorphine and norcodeine, by direct me* } 
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! ^io«wethioaide and thw, byihe setion of alkali, into a- meiliyl- 

fcomH’mwfkhine reacU with «^Am)i ioviulc in |.roiit'Ut'e of sodium 
^ to form tyami*oamtflf%ormorfJtiue, 

cs-x;Ci,H|.o,iin)'U-i.'jii,j, 

..Hi.iHOHJ-O-LjUu, m. p. lOu- , this fgrms * s,«iiinj.ly Milublo 
U^rtde, m. p. iio , and a niiroso-dmvauve, lu. p, istr'. 
likvUtioa of tbo itnino group of lu.ivod^in^ is Thus on 

, ihe compound with /i phonylttUvl iinlidt* in* rhlorof,»rin 
.^vm^hW^u. cjuPiri;u,/X:c.^ 

, i.oUtcU hy adding stHhutn oarhonato aoUuion, oxtracling 
hU-ruforoj. dissolving the i-esidue from the ovaixuatod oxiracl 
iwid, and adding soilium nitrite, wln-u a soluliv-n of the 
of the precipiUto of MlrosonotvtKleiuo 

lamed. The lalUr is oil raided with hot water, snd the t^om 
Kilutioiis of the nitrite are n ndrred a'kaline. *n,o now 
Um p 114"^, the /lyiirocftloruie, m. p. ‘J77", is ^plrinl»iv sol.ihle, and 
L fioimicMoride has in. p. 2hl -‘J17\ 

I Tw ex|«riiiienlii with Ihebiino and tetiuhydroiiK-luiho wore 
^ihat iDdefinito. j 


iSoUnum Sodomwum. VI. duMriK Ouuu i.nd Maiukuo 
hum i/.dzz^tUi, 1_9H, 44, i, ilH) (V.mpuie A., llUl, i. t;7o- 

r.l\\ > 1911, i, C71). — When suUnine-,t of tl,,. foi nniLi 

gained with deitrose for a lung time and then recTyvUiliMd, it ia 
^td to have Ukeii up two atoms of hNdrogen Morimilii 

Us physical and cluriiieal liinpnties lue umhangid. Tho 
uf the dextrot^^ is not a reduction, luit a hopHintmn of impuiliicrt 
lontain less h)Mlrogcn. Whtm KoUntnos wlii. h h.is l.iu n 
^ru'eisr, far as poasihle witli water uml ulcoliol is boiled wiili ethrr 
f4 a sinall quuntity of a saturated fn/<lrorarLcm (’ H 

tti.h forms colourless, silky needles ni. p. h ol,t linoil.' hi 

t'i’.fu.- experiment tho Iiydrocarbon was ncconipanii d by a while 
rr-snous nul^Umoi, tn. p. about . The Mdanine.. recovered 
treatment and puritied witli water and alcohol has t),« com- 
Miiuj Solanine s may cr \>t,.4lli>e with one or 

tiJi tao molecules of water. .Solanim-^ absurlis Irace.s of <Mrl>on 
kiiU when kept in contact with air. Ij y 


S'dsntnes. VII. Identification of th^> Second Hexose 
vTOed on Hydrolyeie. ChisKrrK (n.no and MAaor.i.no Ck«akik 
1914 . 44. i. hfh) - OJO. Cornparo preceding ubMract). Tim 
icive definitely identified the second lu-xu^e fonue.l 0,1 
cf solunine-f and find that it is dextrose. |{. V. S, 

^^pbiDgosine. HI. Tho Oxidation of Sphingosine and 

fc-jdr^phmgosme. P. A. I.kvissk and V. d. Wj^t (./. IhoL Chf.m., 

' ■ ■*^^-484. Compare A., 1912, i, 2H4, .076; this vol., i, 
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308* -Th* Aull^or. ihow thAl tb« trideeoie ««d pmUdeo.,. 
obuiMd l>r Ihe oiidation of «j.hmgoaM Airf dihjdroeph 
Mixelitelv Aiid their Amide*, *re identic*! with the eorte<j<„,, 
BOf^l Arid. Ai.d amide* prepered •ynthetic*lly («e ^Toi., : If;. 
Tb« carbon Atom* iti tb® fpbiouo^ine molectile nrt tta^or« 

A normal chain. T!»^ cl«rtig« prtkiuct* of the oiODide of 

are tridecoic »cM and a subaUnce which g»T« some of the - 

•c usiuo-telroJie. h 

PriTole Group XI. Action of Tertiary Pyrrole* on 
megneeium CompouDda Oddo {pa^- 'j'-t-H 

706-^ 1 13' —The author ha-s ti peated some of the work o: . 

and Wosintr Uhu vul., i, 7ti&) aod find* that pure methylpyrroi. u* ; 
no action on magnesium ethyl bromide, \yhen acetyl ehl.r . , i 
addfcd to the mixture, 2-acetyl-l-mctbylpyrrole is produce-l. bu-. u, 
euWtanco 1* aUo formed in thero circumslauces by the direct a. i . / 
acf tyl cblnriad on the pyrr<»lo alooo. Similar results are aU ov, 

with 1-ladnxylpvrrolf. The contradictory observations of 

Wiiuting are to ascribed to the presence of free pyrroiv ■!. i:,j 
I iiiBth)! pyrrole untd by ihein. ‘ ^ 

Pyrrole Group. XII. Alkylation of Py^olM. II , 

Uuil und KoMt ALifO M***!.. 1914,44, », 16J- 1.1, u, 

foriiKitioii of 2 and a-mrthylpyrrole* by the action of met!, i; , . 
on uiacno^ium pyrryl bromide (tbi* vol., i, Sb) >* conbrmrd 
....nvutsion into pyrrolo-i- and ,,yrroU-3-c*rboxy to acid* by fu .. t. , 
.Oiaraium bydioxidc, and that of ll mell.ylpyrrole almby the fom .t 
of ihoenrrt^iKTiiiirigacotylcimiamoyl denvatives. turlber rom ‘A:rA 
lir,« uf the^tiUfture«of tbcMO metbylated pyrroles ims Uein ^ ^ 
by Iheir leJicti-ms with hydruxyUiniue (c..mp*re Ciamician and /tr-; 
A., IHUl, 1502), which yiohls princi|tttliy ^-methyUunin>!i4:iJ 
together with a small pro[iortioii uf la>vudialdoxime. 

Application of these rtuctioriH to tho prmliicU of the ' J 
elltyl iodide and !uaf'Ile^ium pyrryl hiomide shows that the c {.n>*a.-4 
coimist uf 3-fctli)!t'viTole. 2 : fi dietliylpyrroie and, if the rem-M -ii ;uf» 
pl„c„ in ab.vcnca of H.lvcnt, al,-o 2:3:4- or 2 : 3^: S.tn'iiy ; 
tVH,-N, which is a p.^!e yellow lu|uul, K p. 200— 20 a> . 

Similarly, the actii u of propyl iodide ou inagnesiumjiyrTvl ' : 
yie!d»:(l) P‘ HO— 170^i5.1 mu! . 

porhans iduntical with that obtained by Mnetli (A . I - ■ 

2 ; 3 : or 2:3; t tripro/>}/lffi,‘rroU, Cj|H^N, b. p. 207 -1 > . ^ 

150 — 101171*5 luni. 

Indieotiii. V. Haiogenated Indigotina and Deriv^: '^ 
K. tlKXNOMutuiN and V 1014, 47, 2365— 2:>* 3 | 'i* 

A„ 1910, 74, 339). An afcouni is given of several halugin‘*' ^ 7 

gotius, many of which are technical product'*, and of the isitif ^ ' 

they yiehl on oxidation. The posttiune of the absorption b^n i* * 
solubilities are the factors which receive most notice. . 

5 ; 7 ; 6’ : 7 -Tetrachloroiudigotin (brilliant indigo B) was omuH ' 



OROAHIC CBEMISTRV. 


i. im 


f canwrt^ into the 

' H,ON,tlj, brilli^t «ffron yellow cryst4iK m, \y ^‘.^(> - 297^*011 
^ CjHjOjN,, centry yellow eryt^ultS J^'ornn 4 4 '. 

.^,y,K.., 3:5 -di»OT»omdigotin (hrilliMt, i„aipo 4.i), j.«|J«l 

C,HA"ClBf, m. p. 27J— 2T4^ wbuU suhlimM with 
vjjwiM and fonm a pitKylisdnisan*. o hr» y,.Ho» crysul* 
^ j. J-, , and an n, 253-234'' (d«y,mp.). Tl^ ™,»i,lution 

y the j.Aiin TO esUblushed by eonvtjwon into 3 ehlonvI-Urouitv 
tD dwUlleUon with poUe^ium hydroxuK 4 7; 4 : 7 Tot re* 
j},x<i!- WM coorert^ into 4 : 7-</i4“^’ofY» wafin, 0 H () NOl 

'7“^'*’ “■ P- -■*- '• ilio’/Am»r. 

ffl- p. *00 , and octin^, m. p 'J45^ (doeomp.). 
a^u^hloroiftdilfotin (Oradorff amt NichoU, A.. 1913. i. 09) yioldod 
5 § : 7 C.HCLNOI,, an ochre yellow mUiAu.i, m p 

oonvorteti in^) WtnwhloroAnilitte, and into a 
m. p. 293^. d : 6'-Djbromoimiigotin and h : h' di. 
were prepared from 6 : 6' diamiuoimiiKniin M»ro»tfh 
b^diatonimn eulphate. They trysullise from metijyl ben xo a to 
Uuer in dark, bluUh-Tiolet cry«Ula G : -Dumnunmligotin 
, as a dye, but, on bromi nation, it yit'ld^i a luown tlyo 

t>rowii K) JD.R.'P., 221531), which, a« i^ now .siiowti, cojiHiatn 
of 5 : i : 5 : 7 - UtrabroiHO-(i : 6' - ffir, on 

aitiitiDg the amino*groups by diazotisation, it was convcrU^I into 
fc!u4; 5:7:5': 7'-tetfabroaioindigotin, which was iic;,Tadcd to 5 • 7- 
{0pfumylhydraions, m. p. 297— 29V, /i-uxi^w. tUH‘ouin. 
Tr ; *rvii finally to 2 ; d'dibromoanilinc. j (« \y ‘ 


Pyninidiuee> LXXII. Synthesis of 4-HexylurAcil and its 
Sftlahonship to Uracil glucosido. Tueat H JutiNsos if 4,^. 

^ f I>apcr. (JohLon and 

Vmoff. A.. 1913, I 656; this vol,, i. 1091), the syntlM'sis and 
f the aimploat nucieoBidos of thymine and uracil havci l)<»on 

«^nwd. The <x>nBtitutioD of the.so c«m|K)un<ls was osUbliKhcd by 
K;f reduction with hydriodic acid to I : 5 dimethyluracil and 
x4',hT luranl mpectiyely. As tho higher homologuea of those 
ought th^reticilly to be capable of a sirnrlar interaction 
’’..•i hvdnodtc acid, it is dosinible that tho higlier horiiologuos of 
sif!fi):u^il and tho corresponding thymine compounds should bo 
tVc^aled^ An account is now given of the Kynf hesiH of d-hexyl- 
'wi which may be regarded as the reduction-product of uracil- 


ethyl heptoylaceUte (Wahl an^l Doll, A.. 1913, i, 532) is 
With Ihit^rbamido in an alcoholic wlution of’ sodium 
-a:<le. (^mJenaation Ukea place with formation of the smiium salt 
. .mo I hoiyluraciL On acidifying an a|ueuuH solution of the 
m Ralt with hydrochloric acid, 2dAu>-4-4ejcyfttract/, 

i ii3 ,is obtained, which crysUllUea in colourless nee<!lcH By 
ihU compound with an aqueous solution of chloroacetic 
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turii], it cofivt^TUd quaotiUtively into i^UxyiwracU 
hyHr(Tpyrimyl-2 diaru}, N >C‘[CH,VCH,Me, m p - * 

which forni* lu>>trou« platw. i-* 0 

AJlantoin MACKice H. Gives* (/. /fW. CUm* It^U 
4 l 7 „ 4 j 4 j AUantoin in aquojtw iolution undorgow >lo« 4^-.^ 
iK)*ition^ In wat«r the low wm found to be 6 -^ in r>>j 4 ,^ 

H, t%p WAi^r, *V 4 ;, in :4 liav*. 'fbe product givw off nmctoti* 
with maKne»«inni oxide. AlUutoin i» »l«)qoickljr 
by alkalii^ and by hecal harUrie. It diwppear* mpidly in * kv^, 
.»,im% but i. apparimlly stable if the mine i* iiindo 

In the cf^timation of alUntoin in a series of I'amples by w lechonu , 
methrnl. the analv 4 t>^ inutit l»e carried out a* quickly a* powihle to - 4 . 
wjn.t of pre 4 'ipit *tioj, of the allantoin l)y the mercunc aceUte-wrl:-^ 
H'cUte reaijent. Th«y can then l>e «t aside, if dwired, a« thh 
|Kiuml in •juite nUh'e even ill t he presence of excew of the aikt ^ 

reagcfit,, ^ 

EU^ctrical Conductivity of Tetrazole and ite Denvativw 

VariouH T^impt-ratureH. K. umveri-Mandai-a (Oat^Ua, 
ii, \l'f ICHj. rho author has rncMured the conductivity of teiuu-* 
Wtra 7 . 0 hn 0 i.lc. and bi-u-trazolu at various teiuperatures. With 
tcmipoiatuic, the t« in|>^^raturH coetlicient of the conductivity 
with hi.telraxolc. iuit increases with tetrazole and the amclc Ti, 
value of the di>MHiution ronMant increases regularly with c 
teuiia-rature the value at 35 ' Uung almost double (or treble] tbi . 
0 - ill ilie rase of tetra/.olo (or the amide). Thia increaMng 
of tetrazole and its amide is interpreted on ha... rf 

tautomerism oxl.ib.ted hv the nucleus (ciompare A., 1913, i, 
equihhratod mixt.uiv .d ll.e two forms prohaldy eiisling tn 


Phenylaulphotetrazoline and of Tr.Ar 
i-MAShAi.v 1014,44, i, f»7*' ■’>' 


ConHtitutiou of 

ftiilphol. y. Omvkhi-Ma , . ■ 

!nves{.g:Ltih- tlie i-roduft. deM-ribed as ihiophenyltetrazoi.ne 
iriaxoeulphnl hv Kreund and Hompcl (A., 1895, i, 193) and r? ii 
and S'hwiuz (18*47, i, 125), tho author tinds that the 
IwhavH'UC nf il.e jiiihManccs obtained by Freund by the t 

nitrous arid .m fatty derivatives of thio^^efnicarbazide is ulenlKAi • u 
that of the iiuhUar;ce'i from aromatic derivativoe, the difference 
only one td stahilily. Azoimide acts on the esters of metby.s* 
carbimidc and ethvlthi.x'arhimide, yielding the game sub-ton^v# »* 
Freund obtained from the corresponding thiogemicarbaiidfM, 
from aromatic ihiucarbiiuidcs (o- and p-lolyl) gimilar _ 

fornnal. The ciiemical behaviour of all these giibBt*nces 
to be thiocarhamoylazoimides of the type R*^ H Cb * ji ^ . 

formula all their reactions and decompositions may be expiamw 
When phenytthio<'arl>amoylazoiinide is boiled with 
hvdrm*hloric acid. a sub>.tanco crystalli«ing in needles, m. p. -b' 


;tR 
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^ It w the kyd^ih^iaritJU of Uio b%8^. 

anno^l or NPb:c<'i 

^ forttf IwUvu* lM6et«, m. p. 121 — I‘j,r. 

C,U.*NH*CSN^. t n> 
ilO— 144°. WhfD it ia tirat^d with a)k« 


S iAipf-l'p'/o/^/fk/rasofa, , is funnetl ; it rrys- 

ia n«odl«*| m. p. 150 151*. Tb<* s(x5um mIi liat^ the fonniil* 

merrapUn is with an nl.M)»olio soln- 

p? hnic chlorida^ di p iolyit4tra£oiyl 

N. 


>ta)}is(psin !iM^i)«t8, 
iti cArlmnaU^. an 




• N 

i, When th« ojcidation ia with Hlkniinc |ier- 

^jfinate in th« cold, potaaaiimj tolyltotrajial»»siilphoniUf is fnnmMl. 
i^htr ^ith probably the potn^sium salt of hy.lroxyUdylU'tnu da! 
f‘f is.ii<Ulioo<»f ibo morcapUn with alkmiina pcrman^^sn.iii* m iht^ wjit m, 

jWrarvWmao/a ^Ar^»^tcaru/, ^ An haubuini-a. 

luWrar «lt has th« formuU It, \'. S. 


Appw^nt Formation of Euglobulin from c -Globulin and tbe 
lUanoDobip between these two Proteins in Svrum Hahrikttk 
iMick {Ihoekeift. /, lOM, 8, -<()4 — 420), Solnrions of C u'lolnilin from 
k^jrrura when 8«bjectt*d to dialysifi <lc^Kisit !rtrj:i* ipiantitirs of a 
KV.<<f nisolubie protein repembling eiiglobniin. Tiio iuith<tr lirin^»H 
l^trA evidence tending to show that this euglobiihn is d«*rivod fr<ini 
ii# ^ ^{obulin by » gradual process of dohaturatinn, whit-b is umnii" 
by a di^ppearance from (bo Kolution of tbo smalt Hinount (.f 
^i*f«iioru,s originally present in tbe globulin preparation. When 
i. lit# jdiosphorua haa disappeared from tbo solution, tbe precipitation 
i^ftj^lohulin crawa, but the doimturation priKvss can bo ro iniiiatcd 
adding more phoKphortis in the form of a watery einulsinn of 
-K^lhiu together with a trice of acid or alkali, or a little salt (for 
■iiwple. l‘y, of sodium cliljiride) to prevent the precipitation of Mm 

euglobulin thus artificially proiluceii ap^mirs to Im a nmcbiuiii-a) 
m^kt reauUing from (he interaction and mufiml prinipiuif ion of the 
colloidal syetema : (a) the solution of globulin and (/>}, the lipoid 
stalnon, and it ia suggested that the euglobulin in serum is a protein 
Heottiplex of similar origin. This view is supf)ort€d by («) tlie 
^-tant i^osphorus content of euglobulin ; {h) tbe n^adincss with which 
fr^pboru* can be removed from euglobulin by extraction with arotono 
*4 ftW, during which process the property of salt solubility is lost, 
fao, in some cafes, be restored by the addition of the extracted 
*ohaUDce or of lecithin to the extracted euglobulin ; (r) the 
« j^ly in chemical comp^iMon between ^-globulin and euglobulin ; 

accurate coincidence between the isoelectric point of 
m and the point of optimum flocculation, as pointed out by 
*^pfde {ihia vol. ii, 547). H. W. IJ. 
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Action of Diniiomethwe on 
MAXiXittAX NiKBisrmK {Bioehem. m4, o, 387 333. < 
Kraune «nd Skmup, A., 1909, i, 7*8, »Dd H^g and Und^,t« 
vol , i, 753)- — CjuMfiDOgen on treatowot with diaioawtDniia m *? 
iolJtioQ uudiTgo©# methylatioD, forming metbylcMwnogwi^ 

Uijbt tolourlej*# powder iudiatioguubaWe in appeBraoc® f rom ca,^rir.^ 
It «)U»rf>lvt^ very ilowly in dilute acWs and atkalii ana givw 
Millon'i! Adarokiewici'u and tba other protein reactionA 
alkaline solution U optically active. The mean 
euUtance U C 65‘:n, H 7*32. N {by KjcldabI) 14*84 N (by 1 
15 40, 8 O'BOO, P 0 755 per cent, with 4 36 per cent, of metiiyi 
M ealimated by the Uerxig and Meyer method. Caeeinogen i.a* 
found to contain 0 88 per cent, of methyl. U. W R 

A Chemical Compound obtained ftwm Wool and Indigou* 
M. Koht and L. L. Lloyd (J, Soc. /)yer«., 1914, 30, 397~2‘‘;'^ 
pare (Irecn, Cardner, Lloyd and Frank, ifti-i., 1913, 29, J., 
extracting indigotin wrapped in flannel with boiling acetic a. 
diluting the extricl with waU‘r, a precipiUte U formed which is f 
eoiiHtant in ronip^w^ilion and containii the whole of the original i: ii, 
U>gether with Home of the wool products. This precipitate 
hv a chemical comiHxind. On heating it with dilute sodium hv lr 
the wool substance in dwfiolvetl and the original weight of iu l j^j 
left bebintL Further, on boiling the precipitate with pynhr:. 
precipitating by the addition of 50% alcohol, and boiling . 
precipitate with formic acid and reprecipitating with water, Mr 
precipitate wa.H found to have practically the same weight and r ^ 
tiou as the original precipitate. Solution in hot naphlMene t-. 
by reprecipitation with alcohol does not affect the composition ur •* 
of the precipitate. This chemical compound is also obtain-' 1 
trncting indigotin wrapped in llannel with pyridine and ad-l ; , 
alcohol to the extract. lU formation hei^ to explain the 
fastness of itulig<itin dyeil on wool to that dyed on cotton {in 1 ;v.y 
in the former case stripping with tM^lvenU ia more difficult. U 


m 


The Variations of Gluten. Mabchadieh and Ooojon // / ‘ 
Chim., 1914, [viil, 10, 101—202 ; compare Collin, ibid., vi. s 
07, 150, 200 ; Balland, Hid., 1800, [vi], 9, 239, 2‘*‘> 

[viil 9 510). -The abnormal diminution in the perceEi'»r' s 

coaguhiblo gluten in wheaL flour produced by mixing with r 
from buckwheat, l>arley, rice, maize, etc,, is also produce* 1 
admixiiae of inorganic substances such as powdere*! talc, 
or silica. This U not due to a variation in the ratio - ^ 
glutenin, hut to a variation in the sura of the gliadin and ;;ii. 
Germination, milling, preservation of the flour either in a 
or in a humid atmosphere, and unfavourable meteorological < -.i - 
during the growth of the corn produce a similar diminution 
percentage of coagulalde gluten, due in this case to the 
gliadin into glutenin or vice versa, thus altering the ratio of t ^ 
closely allied substances. The authors suggest that the " 
in all these cases is due to a rise in the acidity of the flour uc irr 
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“f ?l>«^n Win,, k,«>wn (n W „»„ri- 
^ kinJe^ bj * vwjf .light rm> id tha aciJn^-. Thi. i is,, jai,) jj,. 
^ W* MimI in flour »ft«r etonng auJ att,.r i|„. ^ 

■ W. l!,' 

SpaiagomyoUn. H P. A, i.gvits.! (/ . jyj^ jg 

pj-la; , eo«ip*io A . 1913, i, 917) -SpUiugouiyal,,, 


. 11 . 0 ,,, Kl.)— ISpUiugouiyal,,, 

fi» fii™ fl*l*nl<»*3*s. It haa tha ,o:iipii,iti„n (' (jj U j. n 
3 1.1 F-3-60. iDorganic ba«,, . 3 p„ ,,,,., 1 . Tha ,.,io N ’p. ■> ,' 
^ 0,1 It eonUliM no fnw sniino nitrogan. Tliara aro thrw, 
P,1 group, to t -0 .Wms of nitrogan, i„.|, .ha^.^^of tT, 
r^i. ,n tha fora of cbolina On hviirolyM. ,l,a foll„«in,, 
^,obt.m«i:-phoaphone, lignocoric an,i a„id, 

wiolher having the couips^itioii (.' JI ^)\ 

‘ il W. B. 

Sp«-iflo Action of Eneymee oonsiderod fVom tlio Point 

^ ‘‘T.h 

I'H, [rij, 9, 603-t,00). A tha.,rati,-al ,i„rus,,|„„ i„ ,vl,i,'l, 

fc. ,a,h.,r pomu out the s|,Prific n«Ui«. uf varioua a,,., .,,. a. Thus 
, .yonoMC ^luuon of , aUroao, .l„na for.,..,, 

influanca of ,..,.|kvlg|.,aosi,l.., .vsul 

ja, ,« sama aolutiun , « g i, 

f li. cl„nya I. diacusaa,! *n.i t.|,a a..lion w.,1, tl„. „f 

chloride on an aleoholic solulion „f , I,. m , 

r«bi,K^^,aa,.c«l methol is .ta„.| ,o I,,, as a, lvs,„ as the 

r.,. ary chemical metho.ls Wtl. in |„in, of view of j „.|,| ,.,„i „„rity„f 

' II. W. 

byaraion of Sucrose by Inverlaae. VJII An Improved 
U-Jiod for Preparing strong InvorUvae Sointiona from 

6** h’'d_I57li *T 3, or, •. tv, cm. ,s'or.. I'.IU 

i. j ine Kolutioii IS pr(tjifiTi‘,l hv wol! irii,n<ki;. 

...tllM kil™.) with Up water (10 1,'r,!) toi,.,.,,', ,m,0 . 

■..i.ioec d.ys, neutral lead acetate is added out, I piecipilalion 'is 
the filtrate treated with hydrogen sulpliidc, r,lt«r,.,|. ao,| tl,e 
-.eat once thoroughly dialysed in collodioi, loho.s, proparcl from 
....el, .solutions of Phan„,Lcop,cia strength in tabes 3,3 s ,3 , The 

■ret ' ^I'lent. far a month. At the end of a year the 
sTi y IS reduced to aWiil one half. K.tli pressed top ye.ast and 

I 'fs sinf'lnyed. The latter yields 

u.r,. about twice a.s strong as the former. l,,,,„ef.action oeeorsin a 
I on the thir,! day 5 c.c. of the (ilUre,! eatraet (fr,‘m top 

•X. ‘ ‘‘“Pl “t 30>, in 5 U 

'■t “Whtr.r'* “-““'■'‘ylKl'Kioside, maltose, and 

S'-.-, ofal!l'‘.“ ‘“P '^'"•"Ked the 

Sloe f ,m 

troiu bottom yeast chs^ogod the rotation from -^123^^ to 
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» U- 9 ' T>ii. i» »ttobut*a to th« prMO^. m ^ ^utios 
botU)m’T««t,of »n «niyme {melibiise) •hidt earned ^ 

Invereion of Sucroea by Inp*rt«M^ IX. Is the 

Rsvereible? C. S. Hfusos «'“1 Pai.v» iJ. dmer, <.W, ^ 

1914 36 1571— 15HI). — Krom the re*alu of eipeninaiit* in 
reriou* .legites of *!igbt alkalinity and acidity were maiiiU t.^; ^ 
coiicluaion ia drawn that inverUae from yeast hnnga aboo! sr, , 5 , 
Ule hydrolysis of .uorose to invert-sugar ; that the reartiot 
ratablish n mobile e.)«il.brium, and is not a revepible reacu.,,, 

The refults obtained by Osaka (A., 1908, 1 , 856) and t; 

IK 1907 ii 577) at® attributed respectively to decomj»,.iU.> ^ 
.v'uhsm'by hvdos hloric arid and the known effect of by. in. . 
,o.id on the rulatory ,s.wer of l*vul.>se. 1 bo evidence aflorde, 
experimentH of Kohl (A.. 1910. i. 82) and of I anUnell. (A . 1,- , 

( 12 : 1 ) on the synthesis of sucrose by the action of inverUse ' c.is- 
ftUgar it' douWlful. * 

Specific Nature of a-Olucosidaae A. AuiiRV (./. /'Aur., • i , 
lyl i fvii], 10. ‘ 2 a— main >iOurfe of a-giuroMOit^e . -sj 
v^hHt whu'h coiitriiin iiUo uiaUaae, and several aulhipr.-. 

BPie.ar to consider that these subsUncea contain the sane c : u 
although this loncei.tion is op[>osed to the work of B -uf| u-:„- u; 
Hfrisscy (A , 1912, 11 , 1101). The author has therefore inve.;;fc< 
theiiiiestion’audisled to the (sjnclusion that ihe two di»-t,..e, „ 

iU«titu:t. , . . . a f 

Unmjcfeipsfnl attempta to iHoUte maltase in the pure « aW fn-ia :*t- 
ve^t are AvhciM : treatment of a maceration of yea-t wrh 
itf^ohol found to destroy both malUf=e and a-gluc^nUMr 
menu have therefore i>een performed to determine .u 

l»ya.oly«i>f of mallohe and a methylgluco^ide occurs in a {wrahet 
independently of the source of the maltase employ^ Frcdi ft.. . 
urine, after LreiUnent with toluene, is found ptowly to hy..t..^n 
roaltone but to bo inactive towards a methyl-glucoMde ; the fpitiiV'j « 
maltase conUined in it is, however, very small, whilst « g-ut-. .s» 
appears tfi l>e coroidetely absent. 

A culture of ni>cr on Maulin’s li-juid, after being 

with water, is Icnoan to yield .'r certain numljer of ferinenli- .a . 
which is malta-e, on contact with distilled water. Such a 
found t^ hydrolyse maltose rapidly, whilst it is without ‘'j“ ' 

a-methylgluco.wido. 


Hydrolyaia of Glycogen by Diaatatic Enzymes HI ■ ; 

Influencing the End point of the Hydrolyeia. LoY'’’ 
Norbi.s {/;■<»•/.««. J., 1914, 8, 421-433. (.'oiDimro this vcl,, 1 , -• 
Glycogen is not completely hydrolysed lo meltose 1-y r*'; '" 
diMtese unless very high concentrations of enryme are ettp-.j 
although, even with low eniyme concent rations, the »iiee ' 
glycogen may be changed into compounds of smaller molec'i .ir ”' . 
The moi>t imporUnt factor in retarding hydrolyaia i« prt' 
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of Uw products of the rMctioa oth«r than maltoao. 
^ addncod to ^ooar that neither thi% rt^sUtance of the dexlrin^t 
further h^rolysis nor the doatructiou of eun me mu account 
^ th* m*rktd reUrdation of hydrolysis ohscrve.1 iu ibo exjierimeou. 

H. w a 

()oQet&ncy of the Optimum Temperature of an Bneyme 
^ Varying Oonoontrations of Subeiraie und of EoByrno, 

t 1 9 i ^ j . 88 , 2 :■ 8 202. Cum - 

lii-i to!., i* 215).— -The temperature of optnoum ‘iciiou of the 
of Uka-diaataee is shown to he 47^ iu,Wjvtuh nt ahko of the 
^^tration of the substrate and that uf the etuymi* K. K. A, 

A ilodifloation of Amygdalinasa and Amyjjdalaso Due to 
^ng Cabbul an«l AariinH CoMrios n\w,pt rsm/.. 

159, 434—436. Comparo A., l‘JM , i, 825). -Working with' 
^ *aaie preparation of aoiygdalinase and amygti^lU^^> fn-m almuiuis, 
44 aiwd iu 1910 and kept in the dark in a weU siopj^er<si iUvk, »iul 
pjitianug its activity and the reaction uf the medium fur (»j>timum 
in December, 1 9 1 0, J u!y, 1 9 1 2, and J u ly. 1914. t he am hura 
ifaal not only do liiese enzymes 1 o.h«j llmir luaivily very ^lowly 
hut they require an increasing optimiim r 'iiceiitiation of 
riio^eu ions with passage of tinio. W. (!. 

BoJtyme Action. XXll. Lipaae. IV. Correlation of 
injthetic and Hydrolytic Activity. Hksuy K, AnMsMunNu and 
i \\\ (.ohnky {/Voc. A'oi/. -W,, 1914, [/;], 88, 176 189. raiu|wr»i 

i i, 11 JO). laralUd experiments have been made to ascertain 
h* iiuiiu within which the oppo^ing changes of liydrolysis and «yn- 
teiit lake place in presence of different proportiona of the interacting 
and of water. Hulli in the case of the liydrolysis of 
rfcitiu hy lipase and of its synthosis from oleic acid urn! glycerol, the 
sod extent of the chango is retarded as tlie proportion of water 
is increased, in the hydrolytic clnnge the water interferes 
by preventing the enzymo and the oil fiMiu ruining into dirt'ct 
iuct. in the synthetic change tliu water acts by withdrawing 
> 5 >roi from the system through its di-f solution, though synthesis 
n.tirvly prevented in ijuite dilute solutions of glycerol. 

I*inng hydrolysiB mono- an I ili glyccnde.s are at Hrst produced, the 
mr. nytilhetic product Wing a dig I yet ride. 'Pho maxiinum syntheds 
mt\vt\ was 40 per cent. 

h>ani9t's observation (A., 1913, j, 92(t) its to tlio activity of the 
of chelidonium seeds is curilirmtr!, 4>l K. A. 


Physiological Chemistry. 


^piratory Exchange in Fresh water Fish. I. Brown 
John AnuYUAN (Iakunkr and C’o.sbtaxcb Lkktham (Am 
I 1914. 8, 374 — .lOO), — A new apparatus f'^u' detoirn ini ng th« 
r-ratory exchange of fisbes is describe<J and illustrated. 
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The oxygen absorbed by brown trout (Salmo j^om) apptirj 
proportioual to tbe tomperaturo of Uvo water in wliicL lU, ^ 
pU«d, and i6 ap pronmately doubled for an inciMje of b.-, 
average oxvgen consumption is 102-5 c.c. per ^ 

4 ^ -7^^ and 2 U 6 5 c.c, per kilo, per hour at lb— 17 . Larg- ^ 

Uiug warmed in water up to 25® quickly die, although U;. 
thoroughly oxygenated. 

The average value for the respiratory quotmnt of brown ?r.- ^ 
0 81, but Uiow 6 ® it fails suddenly to about 018, imin 
state of hibernation. B I 

Tbo Blood in Acidosia from the Quantitative Po:-: ^ 
View. W- Me Kim Marriott {J. Bioi. CAsm., 1&14, 18. * T ; 
Compare A., 1513, ii, 450).— By means of a method difirri-; i 
slightly from that already described, the blood of nornij’ 
RuhjecU, anrl of dogs, pigs* and cattle, hae been found bv ihv 
to imUin less than i o mg. of acetone and aoetoacetic 
Ifci* tliaa i mg. ui 8 hydroxybutyric acid |)er 100 gram> • • 
tho results being expressed in tirms of acetone. In ari.i 
ficetone Rubstancea in the blood are higher than norn..: ^>5 
highcat ngurt*« obtained were 28 mg. of acetone and 
acid, and 45 mg. of 8 hydroxybutyric acid per 100 gram> - f .4 
oxpr^sed os a<Tt.onc. H B 

The Behaviour of the Sugar and Lactic Acid in lh*j B.c^ 
Flowing from the Liver, after Temporary Occlusion of •:=» 
Hepatic Pedicle. J. J. H. Maclkou and A. M. \Vi;i-b / 
Cfrnm., 1214, 18, 4 17—152). The temporary arrest of l)i.- l i:% 
through the liver has been found Ijy the authors to » i; 
increase in the amount of sugar and lactic acid in :?♦ <4 

sufistMjiiently Dl)Uincd from the vena cava. The irnTtsi'-d j ' ^ 
tioii of the.'«> suljstancee con li mice for at least fifteen n.i ^ c 
tb-'» blorMl flow has been reestablished. H r 

Effect of Htemorrhage and Re-injection of Bi: -d 
Saline Solution on the Vasomotor Centre, d I> 1’ 
and ToHxt.t) SoM.xi.tss (Amfir. J. /V<v»pV., 1914, 25, '■ 
Ihmmrhago progressively stimulates, depresses, and p.o.V; - - 
vasoinot»'r centre. Ke injei lion of blo<yl or saline s'>inl ^ 

the onset of [laralvsis mav restore the vaaomotor tone. I “ ^ 
blood pressure (slmckl level depends chiefly on the ainmmT • ■ 
lost, and nut to an important degree on the rapidity^^- r 
ha:morrhage. 

Effect of Intravenous Infusion of Normal Saline Soiu’..:^ 
on the Vasomotor Centre. J. I>. Pilcher and Tobaip v 
(J mer. 7. /V-v^iV.. 191-1, 25. 70—72. Compare preoc dim? 

— In normal animals the intravenous infusion of 10 -1^^ 
saline solution jier kilo, body-weight eitlier slightly stin. i > - ^ 
vasomotor centre or leaves it altogether unaffected. 
animals there may be considerable stimulation observe- . ^ ' 
probably to be ascribed to a hypersensitive centre. 1 • 
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UmKLL Hi bix»n.O!-„£ J 

jyU, 36 , M— 58 . L^mp&re A.. VM, n. 3 : j) rfi>ejn<Hl 
and thaniif of defibrinat-ed bloo^ ' 


ana wi«wm^ oi aenonnat^ blood tJie b fi„t 

inoreaMd and tbeu very con&idyt ar 
j^nvi!)y» the viaeoua resistance chani: 


erabiy rediutHl, £xpr««^{ 

” *i irom Wi«i», when 

J^:y ieiibnnatiHj, 5 3 times greater than that of water ul 37 ^ 

. i: times aft«r «ighL fn^eaings arui thawmt^i. This 

fact, tia, afuT tl,„ MckkI h« b«n fro..,, 
r.r to eight tunes the erythrocytes 

k.„om and ..des of the receptaele. The present detenni,,,,. 
w<!.‘ made only wiih tho lujmd ^wrUun of the hhvd which 
reUUveJy free from c^Hs, U 

Tie Clotting of Blood an Seen with the Ultramicroaeope 
H Huwtix {Anur. J, J 1 U 4 , 25 . 113 l 47 | n,. 

J.i>r E,ve» i dcMription with pbotoniicrographs' „f tin. pl,enu,„ena 
under the ultramicroecope when solutioiiK of t}trtfi„i„,i 
rt i inci U) oxalated blotxbplaama or to solutions oi iibn noyen. 

point is that the fjhrin formeyl is deiMjsited, not j^s .i 
K«ork. but as separate wellTonmHi ncwlltvi of crysiallim, nnii. ai 
.rf^, t*!uih are massed to protiuco a nu'sh. [n\s*rtain circuin 
the pi^ IS innnnjilete. giving ris<. to the pro<lut(ioii of 


■sh. 

L \ . ■" 6‘***'i^ ris<^ to uie proiiutli 

rods of different Jengths in place uf tlie ikhMU^. 

II. W. H. 


Fame MeUlwliam of Rate. Il.uxM.n A.ki„.v„ .f, 

Ki. 8 , 4 .U - 137 . Compare Folin ami Morns, A,, ]’313 i ‘P'r))' 
:> cx{>.^rimenu recorded bv (lie author slu.w ’that {Utl iin'm* 
r n,! ,.f unc acid c.vcreted i,y nUa ,.s .an uf a wrv 

me Ilf purine metaholiMn, tho niaiu cinl |inHl„c( uf whidi fi 
.c'.r.r,. bMide which the animinl of ;„.,a is ins,p.„i)ica,it , 

ivlieti hypoxant liine was given liv tin- tnoiith to ratw 
■ -•. <1 per cent, of 1 I .3 nilrogen «a« excV.‘,e(l in the fun,, uf 
i m Itiui only .rboiits [«rcent. as purine nilruf;cn. 'fliu purine 
of rate ,3 therefore like that of otli. r lower :„uiin.l», 
- ’cnkf that of man. 11 W H 


Coffisarative Biochemistry of Purine Metobohsm. I ,ind 
The Eicretion of Purine Katabolites it, the Urine of 
wepial*. Bodente, Ungulatee and Carnivora. Asiuikw 
■>. ts. Maurick H. Givksh, «n,| (,'onsik M. Ciiio.s (with ItKi-nrs s. 
.J. nid Alfred Oukulk) (J. Jhoi (.'finn,, I (M l 18 '{h 7 lo) 

; Compare A., 1913, i, IPC, ViS; tlim vol.. i, 318, 351.' 
A deuiled account of work the r-snlU of which liavc 
j.r.s’idy pulilished (fnr, ^if.). j| \y 


J on the Formation of 

i liT, 1 ,. ^' iATLf'K and W. r. Itosr; (,/, CU,,.., IPU, 

” jJ')).— By changing the nitrogen-froe diet of a man fod' 

-.1 conUining 

‘ '‘‘aR ib grams of nitrogen per diem (but no purinoH), tho uric 
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acid iMimi wa 5 raii^cd from about 0‘3 gram t^‘8 gram 
Uto cffeatimrie nitrogen remaimng un^fxH«d The poMible 
ttofw *ji tLTis formation of uric acid on Uie heavy pur;a|.t^ 
prot^^in dit'L are diMU^ecd. H. W. | 


Cbomtotrj of Embryooic OrowUi. II. Company 
AwUyaoe of the Bfi«« and of the Newly hatehed Let* 
of the Gient Selamander (Cryptobrenohus aUeghenit:^ 
Itojw Ajkks OouTMia (/. Anur. Cftem. d'oe., l&H, 36, ^ 

Cm/, pare A. 1513, i, G73h--Tha eggs of Cryptobranchu, c , J 
two veilow pigmenU !*olubl« m ether and m alcohol 
During develop men t the eggs lose 1'66% of the dry mait^r 
;uf.ount of fat increases 14%; there is also a gam in tli- 
Holuhle in ether and in the nitrogen aolublo in alctjhol (ins/v/- 
ether;. The total nitrogen is unchanged, and there is * ,,, , 
nitrogen fr<>in tlio [protein fraction. Carbamide and urn. 
not {.ro<imed in appreciable amounts. 

It is (fiiisidored probable that the eggs contain a carU*';. iru* 
, . m iens, either free or in the form of a glucoprolein. , 
hioken down to carbon dioxide and water in the ]lroc♦*s^ <a - 
non growth ; and that the process proceeds more rapnily i:,m . 
le.pured by the needs of growth, the surplus energy 
iw fat. ' ^ 


CompariBon of the Carbon Dioxide Output of Ntra 
B'ibree and Ganglia in Linaulue. Smao Tasuiko «iei H ^ 
AiMMs {J. Hiol. Chi>,m., lt>U, 18, 329—334. Com|rtre (hu . 

101 8). --The authors have determined the rate of evoluU: i 
carbon liioxido from the dorso-median cord in the licart :f 
king era!) {itmuhi* ^ttth^phrmu)^). It was found that alinut m-./ 
rar!>nn dio.xide was given off by this ganglionic ncrvmi. 
hy t!u^ claw or opLio nerves of the same animal. IVa- 
amouMt?^ were t orisiderably smaller tlian those fwrnUh'-a L; 
iorrcHimndirig nerves of the spider crab {lAhuiM 
the fr«)g {l{/ina piptt'njf), and this fac‘t is correlated with 
sluggish behaviour of lAmulus and its ]>ower of livini: e. 
loin^piTiods without food and with very little air. It 
ourth il the carbon dioxide output is directly proportinM.-i. -j 
rate of pro[):igation of the norve impulse in these amn a ^ ' 

exporlmcnts ju) fur recorded showing the influence of Mre ir.: • 
on the carbon dioxide output of nerx'ous tissues do 
any iletinite c<ou ln»>ion lx‘ing drawn, 

Th« Effect of Acute Deetnictive L«eionfl of the Liv^r 
ita Efficiency in the RiKiuction of the Ammonia Coe tec. 
the Blood. <'vKns H. Fiskb snd Howaed T. Karsxkr ( b 
1914, 18, 381—385. Compare this vol., i, 110).- Tr.f 
animals wliich h.ive !>een treated with chlorofonn. 
phloridziti, hydrazine, and hxmolytic immune serum 
perfuse<l witli normal blood containing known 
ammonia. In each case the liver cells were able to remove . 
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s, «boto Qf 0 » ^onk. .bowing ,l,.t tho j«tliol«ic*l 
aid not interfere with the ucnual caparUv of the 
^ya aeeJ Wth wnmonir ^ ' 

p^ttg the pnynm of the work it was fouiui th.^t »'Xvgenauou 
^ pcrfowng fluid by pure oxvgen iusu-ui uf air bru’igs about 
complete reduction of the ainnioiiia ctuuom of the fluid 
:i piaHW through the liver. jj ^ 

Bziirpatioa and Vaaomotor IrnUbUity. \\ 0. 
itftxs »U'i Homi WnBKuis J 25 

Compw this vol.. i. 900)^ Ovarian oxlirpatiun in 
^ jrfulls wiUun ux to eight weeks in a iiiarktv) auijiiiontalion 
•ievisomotor re^tion to nicotine, hut not to acin-narmo. Tlivst- 
^:u, which M in conformity with clinical evidence, indicate 
,1 the operition causce a heightened irriUbilitv in the aynina 
nervous system, ' U * 

Vapour Pressuro Hypothesis of Cuntraciion of 
uted Muscio. H. K Koap (/Vcv> AW. S,>r, liut. j/ij, 88 
1 . -ISO K— Starting with the commonly accepted MrucUiro fur 
^ed muscle, it is shown that it is' possible to explain the 
rtQSicna associate witli contraction on the hv]wiihet!iji that 
jcid is set free in the mut^cle fibre, and that^this (Combines 
£ pn>tein to form a salt witb a conseijuent riMi (jf osmotic 
ddre. As a result of this increased osmotic pressure the aniso 
p bands swell and the muscla is thereby shurtcmvl. 
h viriouj calculations, controlled by siiitablo exjKTiments, it is 
<$t that muscle can shorten liy osmotic prixvssi-H until its length 
i^^ptfhere between 37% amr3% of its original length. From 
■iiremenU of the elements of the sartorins muscle of the frog 
» calculated that the amount of lactic ncifi forrTie<l during con 
of muscle can cause sufficient rise m osmotic prf^siire 1(i 
for the force exertinl by the muside and that the oHinolic 
can be complob«i in less than 0 O^l of a seiorid. Tim 
tnctl changes are also accounted for on the assumption of tlio 
*'tbon of a protein salt of lactic acid. H. \\\ jp 

‘f*atiDe and Creatinine. Pmue A. SnAPFKu (./. /;%/ 

5 18, A 25— 640. Compare Shaffer and Heinoso, A,, 1910, ii, 
A HeUiled description of work tho resulU of which liave 
beea published (/oc. cif,). jp \v. B. 

■elationa of Vitamin e to Lipoids Kvki.vs Ahhlbv (.'(KU’jcit 
'cb''* >/. 1914, 8, 347—354), — A method is dcs^TiU'd for the pre 
ition from cardiac muscle of a substance email amounta of 
- Hire polyneuritis in pigwms. The substance is extremely 
and loses iU activity in a few days. As in the caae of 
i.Ury muscle (A., 1913, i, 928), the bulk of the antimeuritir 
JU-ice couUined in the fats and lipoids (alcoholic extract) of 
•4C muscle can be separated therefrom by means of ether. In 
of the brain, separation of the anti neuritic 8uf.«tance is 
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tfltcM only by the additioD of so«too6 aa w«U aa aUicr 
alcoholic extract. 

Purified brsin pbospbatidee, protagon, kephalin, choleat^r.^ ^ 
cerebron po^eaa no curative power over polyuearitia Thu a J 
due to failure to become digeetod, because hydrolysed protai^^ 
brain phoapbatidea are still quite inactive. 

The conclusion ia drawn that vitaraine is not a lip. i 
altliougfi it may lie adsorbed in the lipoids of the brain ar.,i 
it does not enter into their conelitulion, but is only 
required by the organism. If. W JP 

Colouring Matters in the Compound Aacldian 
violacea. Alkkkd Holt (/Voc. AVy. .S'oc,, 1914, [A], 88. ‘..‘-7-,;)^ 
— The Ascidian Diazona vtoiarfa obtained by dredging 
Outer Hebrides is groeii while alive, but changes to v^.U? 
placed in aholnil, whilst the alcohol acquires tlie green c« I rar \ 
spectrum of the green colour reecmbles that of ordiii.»nr 
cfiloro]diyii, and separable green and yellow pigments are 
in the alcoholic JWjlution. 

The violet snl>stitine, purilind by solution in hot • .. 

etiiano, fornie<l a j>urple jmwder with a copj>ery lustre, fr 
l><‘haviour it rrH<-tnhU‘<( the (hl roiuoindigolin aliown ; , K 
lander to l>o )jresc*nt in Murrx hrdu/htns. The jciri.r ' • 
bronioinfligotin has now been isolated from the Briiidi ir. ,u 
i‘urirurft lain! ha. 

U is considered tliat in the healthy animal the purple 
is present in its reduced condition as a colourless chruTHO^N: 
is physiologically active as an oxygen carrier. On death, 
is complete, and the violet pigment persists. K. F, A 

The Validity of the Microchemical Test for the Oit; 
Place in Tissues. A. N. Uri'rv (Proc. Hot/. Soc., lOU, / i 
106— ITG). — Experiments have been made by the amh r » 
prove (lu* resuhii oiUairn.^l by Unna witli rf»n:f *]:!• - # 

solution of the leucoTmse of methylene-blue kept in a c.i;< 
reduction l>y excevs of roiigalito (fortnaldehydeHulplioxvhiN- 
justify his assumption that it is a specific stain for ux < nj 
place in tissues; conse([uentIy, his theory of staining ly iriu:; 
and reduction is not proven. Experiments were alsf) 
whicdi du>we<l that the gas condensed on the surface is i rt 
factor in determining the depth to which staining tak^'< ; * 
Altering a ruirface by preliminary treatment with various c'^r;; 
substances also has a marked effect on the subsequent con-h- vea 
of melfiylpue-blue. H W B 

Bioohemiatry of Iodine. I. The Distribution of Io(l:s* 
Plant and Animal Tiseuea. A. T. Cakkron (/. JUol. 

18 , 335— — The author has estimated the amount ''f 
present in various animal and vegetable tissues by a 
of Hunter ‘s method (A., 1910, ii, 650). The resulte are c’K'.a* 
with those obtained by other workers. 
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hi* bw found in the grsit niijority of pl»uU, the 
^at pr««nt being Urgeiy depeudeut oii ihe amount of iwime 
, u« eoTiRHiment itiriue ilp usually a„.,aiu mere thin 
T“*^ f«‘*b wiUr ali;.t and veuetildea ili.. 


Of MXUni, woorw m fresh waUT aly.e aud veeeuhlea th.. 
u g«^ly eis thin O lKKlM,. Kev.rtl.elesa, dietmcl 
jj 5 ,uon of lo^ne content cm <xcur in the same specie growini: 

sppirtnUy^ the same condiuons. A pc«sil,le e-iiilmation is 
^ on Al^s sUtement (which is couiirimsJl that when a 
^af one of the marine al^ ceases to grow a,,,) cmiiineMces to 
^lU vilaJity. It gives up iodine to the siiiroiinding m.-diuiii 
Among lb« lower aniraala, sfionges w. re found to c.itaiii alamt 
ait udine (calculated on the dried material), wl.ilat worms 
up to 0 4%, In all tJi© lower animals tlm itslino is 
tliroughout th© various tissues of tho orj^anism, but in the 
animus It becomes concentra(e<l in the tlivrouL so that in 
g^laud is the only tissue conUiining mure than a 
of it^ Id thyroid tiasua markefi viiriiitiuus of iutime content 
^ both m individuals of tho same sfxvies ami in tlKTerent 
*-ai. Such vanationa are all Irawahle to dillercn«.s in ,l,ct 
i wrtebratea the amount of iodine in the dried thyroid varies 
to li6%. 

l.vinia is present in the thyroid a of tlio vonnij of aln.,.n swine 
:i cittJ© to a rather greater extent than in the adult aniniar 
yt ioiline content of tii© parathyroids is of an ulUmether lower 
-rr than that of tho thyroid, tho remninint^» tissues iiududim^ 
pu. and pituiUrA% of th© cat, doi:, and rabbit flt^ not. contain 
-rt [han a trace of iodine (less tban 0 001",: calculated fui the 
^ niitenaJ). U jj 

/i-Hydroxybutyric Acid nnd Aceto 
•tic Acid Excreted in Acetonuria. Ku.skst Lai hknck Kknna 
r B^ 0 cUm. 1914. 8. 355-3r*f)).-Tbe author has ohtinmte.] the 
inve wnounU of $-hydroxybutyric acid and acetoacefic acid in 
-inn© m conditions of acidosis. In diabeU-H the ratio of 
iroivhutync acid to acetoacetio acid remains fairly constant* 
'Tirhohydrat© starvation, the proportion of liydioxyliulyric 
1 with the increasing formation of acetone sulfsUnces In 
« »iher© two a-half grams or more of the two adds were 
daily excreted, tho estimation of tho Hf'paratc acids indicated 
fl .rom two to five molecules of j8-hydroxv1.ulyric acid were 
t:nated for one molecule of aoetoacetic add.’ If. W. B, 

^,1 “‘L Carbamate and 

®yy**“e*U‘>Pbanate [Methyl Qlyoialidone-l-carboiy- 
. n Phloriddn Diabetes. (>tto Nitschk {Chun. Z%nir., 1914 
Wjrom ^r. Vhy9., 1014, 1. 53-bO).~Tho autlmr rftcnrds 
(in theunnary sugar of tho administration of /-asparagine, 
carl^mate, and methyl glyoxalidonoLcarboxylaU to 
quantity of “extra” sugar (Lusk) 

^ alter the ingeetion of asparagine, th© autlior infers that 

4 4 2 
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three ot the carbon atomi m uwmpne bero^ toi^ora*! ^ 
^Itroat The adminirtration of 3 gram, of phmyl earW*u . 
one do» to a phlori-ixinued dog caused tbe de^ of the 
wbiUt a dose of 1 gram resulted in a diminubed elimiciuK , 

‘“fwith glyoMlidone-l whoxiflatt, 

9‘’’'^'“^N-CO,Me 

NH—or ‘ 

ha. been prepared from ethylenedicarbimide and methyl aU,.,..., 
trv^allitie form, soluble m water aud alcohol. A 5 ^^, 

did not produce narcosis. Adinmistration to a ^ 

M to an increase in the urinary dextrose. < ii. iV B 

Formation of Dextroee from Glutamic Acid in Phlondt* 
Diabetea. Hau.so Wahkalli {Chm. Zmfr,, 1914, 11 , 6'i m 

l^ho administration of gluUmic acid, obUined from u.. 
of wheat, to phloridzinised dogs leads to an increaa&i 

of dexUffee in the urine. The calculation of the c.Mr. 

fifim the l> : N ratio does not enable it to be deemed 
intermediate tf.mpound formed during the traMform..!i..n - •» 
glutamic acid into sugar possesses three or only two carcMi^jua 


The Behaviour of Certain Amido-oompounds in Ph! 
Diabetea. Kakl Stki-niiauses {Chem. /entr., litU. u, ii 
fcirr rh": lltHi U3-142).-The .utbor has dei.rui 
Intluence of the administration of succimnilde, succiiu!:,. 
acetamide to phloridzinised dogs on the elimination ol sug. 
urine The experiments carried out on a fasting r.v. 
succiniinidc. did not give a conclusive result but thee.' . n 
dog showed unmisUkably that what Lusk has ter,.. a 
sugar was eliminated. After the ingestion of 40 gram- 
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ami.lc, about ISO grams were obtained during the lux, , i- a 
imcbanged from the urine, leaving only 10 grams to . r 
metabolism. The author does not come to any cm., u..; n 
whether the “extra” sugar formed in this experiowi.. . ' 
gUicoiicogenesis from the ingested a®temide. T ;::; 

of siiccinamid-c interrupts the normal course of 
60 that no etalomenb as to itB capacity for being u - 

sugar can be given. 

The Behaviour of Acrylic 

Frirdru ii Schwfnkbn 1914, ii. -54 . ‘ V ‘ 

1914 1 14^177).— The author advances the 

acrvlic acid may be an intermediate product between brx v^.- 

alanine on the one hand and dextre^e on the 

tration of acrylic acid te phloridzinised dogs l!dJo^|n 

in the amount of dextrose eliminated in the urine. 

of urinary de.xtroso over that occurring the 

acrylic acid was given to the animal was such ae t 
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,,„.r tlat »n^ .oryhc wid Imd Wu fonvTrt «1 

,!i,d«Enm TlW fonnatiou of de.xlroae in the Ixxiv from lactie 
^ er •!»»>“ ”«y therefore ocour with arrvlio and w the inter 
,«{i,te prodnrt. jj g 

gagceuiuin Narnia I. K STAKKesstnv ((V„„../,„,r 1914 
JJ. n^mJ 1914, 28. 6:1 * 70) 1„ ,„ j,r 1 ,, .leler 

wliHher ihB point of atUck of mfiirnosiuin salta is m the' 
t 5 Sr»l peripheral nervous sys^tom. th^ author )ias oarrieel out a 
of ’ eombmation ’' and *• anta.uuuMic ” ox^tennunU o.i 
Camphor, which hae an antagonistic action on the central 
^n],!ehydo 9m chloral narcosis, has no action on Jn.>^.Mlc^iutn 
Ksenae has a stimulating action on magnesium 7 iarct^i^ 
s^hT io that exerted on the peripheral paralysis brougljt aliout 
f rursre; the paracetaldoliydo and chloral narcosis of ccntr il 
♦rare remain unaffected. Kserine calls fortii muscular tremor in 
jfsiil and curarised rabbits, but not in animals narcotis<Ml by 
t^Tse^ium, paracetaldehvfle. or chloral. Phenol in small doses 
in the same way as eserine. 

f^rlff^tive doses of curare and ether when combine*! may briio^ 
.mt complete narcosis. Magnesium and ether have ‘simiuj 
idftiva effects. 

Is view of three reaitlU, masnosiiim narcoslH . ruinot l„. s,i,l t., 
cither » purely central or » purely (.cri|.lier.il r,i.nilvsis 
! *cpcar<!, rather, that all parte of tlie nervous system are rruidered 
-wcTcitahle by the magnesium ions. The exnerimenis .also show 
M the action of the other drugs is not confine*! exelusivelv to the 
Ktral or the peripheral nervous system, and that even wlicn 
15 a pronounced peripheral action (as with curare), there may 
ik ' .1 considerable central paralysis. 

'T'l' intensifying action of oxalates on magnesium narcosis noti^l 
r Cites and Meltser (this vob. i, 459) has already l>een >b‘scril>ed 
T *he author (iriVn. hfin. ]Vorh., July, 1913). ' fj W. Ib 

^eParonteral Utilisation of Disaccharide Su^are AtnriiT 
a CA^rm., 1914. 18. 485™49fi) iJm eated iuWiior.n 
and sucrose have been made into fhn intrnperito.mM 
‘ -v '-. Most of the ifiH'cted sugar Ins ben, regained from 

t»roater utilisation of these sugars could not be atUinwl 
r 0 'pMte<I injections. These experiments, therefore, do not yield 
rt crnhrmation of Abdcrhaldens work showing the development 
^.i.rrnies y the organism capable of hydrolysing these sugars 
narenterally introduced. " IT W B 

Tiasuea on Methyl glucosides, Tetramethyl gin- 
^iB&cchAvides. P. A I.KVKNK and fb M 
im,.; OAsm ^914. 18, 4fl9~47r»).- An attempt has l«veo 
the authors to trace the changes undergone bv the dextn«=e 
during ite oxidation in the body hy studying the action 
, .twms, taken p<»trmortem, on derivatives of dextrfw. Sliced 
I kidneys were incubated for thirty-six hours with solutions 
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Of a melliyl t*tr»niiethyl^Iu(^ incnw*, ^giasi* 

rh(»phoric acid, maltoae, and ^-n^yl-glucoae. In all ««« ^ 
fut two, no Chang# in th» reduang^ww of Uln 

beforo and alter hydroly.i., waa obaerv^. Wrtb rnalu* 

S methylglucose a slight change occurred, due donbtleas to tt* tc, 
Hm iiarv cleavage of these subsUncea into th«r 

The conclusion drawn u that ooh 
dextroae undcrgws oxidation in the body, ester and «!>« .«, 
alivea of dextroae being unaffected. W « H 

The Chnngee Undergone by BnUoylio Acid to the A msA 
Organietn. AtmaASDRO IUldosi {Chtm. Zmtr , I91t; i, .oos 1,^, 
ArT /’.mn, -,wr.„i , 1914, 17, 24 1 -247 Compare A., It-, 
lot oi -A critical consideration of the method of isdati. n aal 
oroiierties of the hydroxysalicylio acid obtemed by Neui/etj i- 
i/in ll'of/-.. 1911. 48 , 7981 '«<'* the author to the conc!o,i, 
it is iioAsihio that this sulistance is identical with the »m,f, 
],od which he lirepared from human urine after admm^n-, 
of sodium salicylate (/oc. cil.). ■ ' 

Uricolyeie. A. K. Tavloii and W. If. At*'-"' 

1914 18^ 021 - .i'-3),~-A large iiiiantity of alUntoin w.i< 
into ’the fomor.al ven of a dog and re.-overed almost (ioanto ,- „ , 
from the urine with no concurrent increase m the ehm.n,. - 
urea In the do.-, allantoiri is not converted into urea, .a,-:, ti- 
fore'it is probahio that in man the corresponding conv-a-- .. 
uric arid ii;to urea does not take place. ' c 


Chemistry of Vegetable Physiology and AgriculUti 

Mechanism of Agglutination ^ 

WiM.iAM .Ions rn.Ms'ti (Rtoeluim. 

author ha. invest, gatcl the f.actoni detenninmg the 
„( Beusiti«‘d b.actcna, and expre,s.scs the view that sihere.. 
tised organisms exliibit characters that are similar to 
protein sensitised organisms recall in their properties the ■ 
i»iir fptitiirt^f4 of cipiirit ur?itcfl protein. 

Spline agglutination is markedly aff«ted by the pr« 
s.altl hydrogen, and hydro.xyMons. .,.1“ IV- r. 

mono- an.t hi-valent cations, iinsensitised bactena 
rigid colloids, such .is egg-albumin, but after they m' • ' , 
u«!d Thev rcs-nible rigid colloids (denaUira ed egrw!,d._^^ 
flocculation appears to Ivo due to a dir^ B„th hvlrs'' 

substance-antigen coinplex with ‘'‘®. snli ’ 

and hydroxvl ions inhibit agglutination by inUrtenng 
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uiUgB0 with aoti'6ubst4nci> m well u by preyeoting 

activity of an eletirolyt* d^y>^mh on the 
14 iU cation when the bacteria are suspeiuUl in aaiine 
.istiofi- valency of (he anion when ?U5|>eihit*tl in 

g *a*i Salta with multivalent cations, are peculiar in 

^adion in that they are as active in the ]>nHn}»itatioii of aensi 
^ ^ ,>f uDsewBitised organisms. Since tUnM-ulatioii takes place in 
pre^nce fiuorides, agglutination is inae{>em3ent of (he 
looi in the eerani. 

tkc conclusion arrived at is th.it the process of seiui 

5»unn a aki»to denaturation. H. \V, H. 

gtndi®® In Bftoterlftl Metabolism. XXXI XXXVII, Ahtiiuh 
tiniuLL, ALlxaKDlE A. Day, snd Arthir W. \Valksr(/ Am«r. 

."wc . 1914, 36, 1937 — 10f)2). An invesiigtiion of the effect of 
LT.onai import ant types of bacteria on milk, Kstiinations wTre 
cf the free ammonia, (otjil nitrogen, and (lie aciility or 
i limit V as indicated hy alizarin, neutral re<l, and phenol pht ha 
As certain changes, particui.arly increases in aciditv, wore 
winch could not be adequately explained, ox]>oriments 
,rr* undertaken with a view to determine the effect nf butter fat 
* bacterial meUbolism. For this purpose, skimmed milk 
<:-ti{mnc 0’15‘Vi of butter-fat), whole milk (conUining 3 of 
-;',Vffsth and cream (containing nf butter fat) were inocn 
it«i with certain organisms and studiivl under jiarallel com) if inns, 
remlte of all these experiments .are tabulated. K. O, 

StadiM in Bacterial Metabolism. XXXVIII. Arthur J, 
Ipdalu AuKXAxnBR A. Day, and Arthur W, Wai.kkr {J. dmer. 
‘i,m Soe., 1914, 36, 1962 — 1906). — A Rtndy of hacterhd metabolism 
fr;:!k fprt'ceding alretract) showwl the occurrence of certain 
cliiefly in relation (o acidity, wliich could not lie explained 
I information hitherto availalile. In awaking an explanation 
changes, experiments have been carried nut to ascertain 
the organisms secrete lipases whirli effeel the liydrolysis of 
•h frit tv constituents of the milk. The resulf^^ sliow that the 
filtrates of hroth cultures nf eerfain bacteria are cajmble of 
Uirolysiiig butterdat, ethyl butyrate, and triacetin. K. O. 

Action of Stimulante on Nitrifying Bacteria. Montana ri 
I Vw. Zmtr,, 1914, ii, 312 ; from np^,r. (xgrnt, iUil., 47, 

h: d4f^'t.-~-Tho reenitfl of exjH'nmenis with m,angam^ dioxide, 
Ru>'fiAte, and sulphate shower) that manganese dioxide and car 
kiiie rendered nitrification more vigorous. N. H. J. M, 

^tion of Organic Subetancos on Nitrification and 
Pwitriflcation in Soils. Alkaa.ndkk Koshow'uk {i'httti. Ztrdr., 
Ihi. ii,2*i0 — 261 ; from Zeili^chJidmiu^ftphyHuil, 1911, 4, 1 — 18] --The 
of experiments on nitrification in a soil rich in humus 
that straw only had a retarding action when employed in 
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ftry Urg» amuunU, *nd that straw plus peptone had kei ^ 

than peptone alone. , . l o 

Denitrilication is greatly accelerated by ftraw. Straw 
peptone acU similarly. This is followed by a Tigorous 
of the ammonia produced from the peptone. 

The retarding effect of the following substances on nani(^ 
decreases in the following order; pep^ne, asparagine, a. 
ainmontucn acetate, and carbamide, W hen peptone is ad«i«i^ 
Ikation and denitrUicaiion only comment when all the 
ol the peptone is converted into ammonia; production of 
and of nitrate near I v alwaj-s begin simultaneoi^y. The ^ 
dextrfjse i» similar, fn presence of soluble organic (XHnpoutvis 
fication dfjes not prwewl until they are completely miner ahn 

N. II I ii 


-mt 


Cbemica! Nature of a Bacterial Hsemolysin. Kan 
Atkiji {Biochm.J., IDU. 8, 3’28-346).-Tbe velocity of 
of nasik hxmolvHin, prepared from I'tArto ruutk, at 4*V ,t t- ^ 
minimum slightly on the acid side of the neutral pjs'i’, t’s 
favours the view tliat the Ipin U an ampholyte (amph^ i rx,^ 
trolyte) with iU acid dissociation constant greater than lU 
and tljo point of imnirnum deetruction is the isoehvtnc 
The anion and catiun are therefore thermolabile, and th*; uv * 
ciateii molecules therniostabile. KaUphoresis experimei:?s i: 
confirm this view. The approximate values for the 
[mints are p„ at l<r 3 3 ; p,, This decreago iA ^r.:: 

with rising temj>erature is also found in the case of simi'le a.T,:t 
lylwi, but to a smaller extent. 

A criferion is also given incidentally for the ft noma! '4* 
destruction of cerUin liaunolysins, for instance, megath-r-'. 
namely, that the process is not uiiitnolecular at teniperalur*^ 
the velotuiy of destruction decreases with rising temperattire, r:i 
can he shown to be so at temperatures considerably renun^-i # 
tho velocity of destruction follows the more ordinary 
increase with rise of temperature. ^ 


Oombinatioti of MeUllic Salta by Yeaat ; their Det^vs 
by Chemical Reactions. Th. Bokoeny {Chem. ‘ 

‘J195 2196; from AUgem. liraugrjfopfmzeit. 1914, 54. 11'“ 

- 4>ressed yeast (‘.10 grams) fixes 0 25 gram of copper sulrhr.^ : 
two weeks 'from a \% solution; the yeast gives a oositiv^ 
with potassium ferrocyanide. Yeast- ferrous Bulpnate oniy rn 
with potassium huiphido and potassium feiTO' and fern vj j 
after being l)oilefl with hydrochloiic acid. Yeast- ferrit' cf .*- 
also gives mostly negative reactions, except with s:- - • 

sulphide. The compound with cobalt nitrate gives mostly 
reactions, whilst nickel sulphate* seems to he inconiple*’'.' 
and manganese sulphate not at all. The compounds - 

salts only give positive reactions with ammonium siilplu^''. »' 
the compound with lead aceUto gives a negative rearty^r ^ 
poUwum chromate. Sodium hydrogen sulphite enters into 
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wtth th* of tije &ctiv« proUiii; wheu tre«t<Hi 

^ aiSut* jalphttric and, it liberates aulphur dioxidt*. 

' N\ IL J. M. 

Y<*at F«nn«QtAtlOB and Eydrc^o. Skrous Lvov (Cktm, 

. l?M, if 3195 ; from Ztiu^h. Garunysp^^siot^ 1913, 3, 

— 'Kjtparifflwita on tbo action of chnuiuv^^ena, tho f^r- 
of 1^0 autoferiueiiUtion of yeast. The 

^*Ue pipaonU examined probably contain a double linking, 
?{ rxB unite with two atoms of hydrogen, witJi pro^luction of 
fftec^o-^iupoimda The process procee^ls readily in presence of 
r'iductaa^ for example. In leu co com pound* Uie hydrogen 
j ,j, |.>,^ combination, and U uxidistk) u> water by inobvular 
One granomol. of metbylene-blue withdraw* from (lie fer 
medium 1 graru-mol. of hydrogen, and renders 1 grani mol. 
s inactive, and thus prevents tiie further decomposition into 
and carbon dioxide. 

\i regards the autoferinenUtiou of yeast, 1 gram inol, of 
„Ft£vl»'nfrblue cauacs the pro<luotian of an excess of carl»on ilioxide 
; frxmnioh); that is to say, the fermenting meiiium contains a 
-taiAnce which, in alatmco of sugar, gives uj) 1 mol, of carbon 
; liie. two hydrogen atoms l*eing removtsi from the sulisUnce. 
r- i is an enxy malic process wdiich d(H*s not t4ik« jdace if tiio 
is destroyed by heat. The carlym dioxide persuinably 
from the fermentation of amino acids, willi production of 
i.;*(4;Vde4. 

Rfd'utase haa the most important sliare in the fermenUtion 
by activating liydrogen. N. 11. J. M. 

Assam ilation of Nitrites by Moulds. Aievanokk Koskowice 
' Z«ntr.f 1914, i. 219‘J ; from ^giUrK, 1913, 3, 

;,1 Compare 1913, i, 571),- -Whilst it is shown tliiit tnfmlds 
1 , iiissmiUte nitrites directly, without, previously conviTting tlie 
: ’rile into ammonia, some moulds, when widl developed, jinaluce 
r ;< -iu in solutions of nitrites. The production of ammonia in 
I h ca<<^»s is attribule<l partly to tlio re^Iucing power id the mature 
iMs (ind partly to the decomposition of nitrogenous organic 
‘tilueiiU of the moulds. N H. d. M. 

Germination and Growth of Some Plan in and Nitrification 
in Presence of Naphthalene. P. Caixuaki {('hgm. Ztnir., 1914, ii, 
^1-54; from <ST<]f. sper. dfjrar. ifuf,, 47, 347 367).- C'onsiderable 
of naphthalene are without effect on tlm germinating 
t»»er of seeds; the energy of germination is, however, somewhat 
and growth is retarded. Kaplithalene is unfavourable to 
- tnfication. N. H. J. M. 

Pbotoeynthatio Processes in Green Plants. K, HKRifAaiorro 
1914, 44, i, 628—631. Compare this voh, i. 1121). - 
•Vi levribed in the paper referred to, the author's efforts to obtain 
methylene yield^, instead, unsaturated and cyclic polymeride* 
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of it AUiCKe«U that the imtial rtAction in th* photoiTaia^ 

tL^of green pUnU may be -CH UiT; 

that the hydroxymethvlene so form«l then polymena«. a »y _ 
crcUc polymenae would be (CH-OU)*, which is mosit.:. ^ 
widely distributed in plants. Schemes are given 
formation of other prwlucU from the original p>lyu..rw 4 « ^ 
changes identical with, or similar to, reactions which }u» ^ 
under laboratory conditions. R. Y ^ 


Partition of the Nitrogen of PlAOt, Yeart and 
ExtractB. K. C, Cook iJ. Avt^r, C'Aem. 6'oc., 3®. < 

Comparing the amounta of nitrogen precipitated by 
reagents in the various extracts, it was found that phospr.ciaji^s^ 
acid precipitated the highest, tannin salt the next hi^h.« 
acid- alcohol the lowest i>ercentage of nitrogen. Sorensto s 
aldehyde titration metho<i gave lower results for amino 
than the Van Slyke method. 

The resulU showe<i that more of the nitrogen is , 

more com]detely hydraly»e<l sUto in plant extracU than 
and meat extracts, PUnt and yeast extracts were found i 
Uin no creatine and creatinine; the former contains vrrv 
nitrogen hs purine, whilst the latter showed high purine n>tr 
Only meat extracts showed the biuret reaction. 

Tlie nitrogen of plant extracts consists chiefly of mi.i, .i’ 
aci<i» and ammonia, none of it l>eing precipilatwl by acid a n. 
In the case of meat and yeast extracts, about 2b% ii/.: -i-i 

is precipitated by acid- alcohol. * ^1- *1 


Colouring Matter contained in the Seed-coate of Abra 
precatoriua. Sahasi Cal Warkak {HiocUm. J., 1 91 4, 8. ‘>1 -C 
--The outer layer of cells of the see^l-coats of Ahnn j^^rv ^ . 
is imwrmenble to water and oilier solvents, so tiiat if i br ; 
of seeds is thrown into water, the colouring matter h 
only out of those wliich may liavc become ruptured, Die emu. 
retaining their colour. 

On iMjaking tlie crushed seed coats in water, twii . . 
matters, yellow and scarlet, are extracted, and can b*‘ 
bv shaking witli other. The si'arlet colouring matter, win. !; s'w 
chief one present, remains dissolved in the water, ate. ci.. * 
purilied by means of its insoluble copper salt. Its reaction 
ferric chloride, gelatin, ammonium ferricyanide, etc., in< icnio . 
it is a Unnin substance. < ; 

Observation of microscopical sections of the ^ '■ 

prtcfitonui treated with the above reagents showed that ^ 

colouring matter is located in the outermost layer of 
the yellow pigment is contained in a layer of cells sitiiat^i ^ ^ 
distance from the surface of the seed-coat. 


Anatomy and Microchemlatry of Anaoardium 
Emit Kbatzuinn {Ckim. ZerUr., 1914, ii, 244 ; from 
1914, 47 , 375—378).— Cardol and anacardic acid, an oUy 
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i fftiUh, m. p. About 117® were separated. The »ee.ls vouUiu 
J^J^rable junounU of fat» besides iiuicii sUn h. N\ H, J. M. 

Rr a m mation of Cotton root Bark FiituKtiioK |i 
pvj«i*afcd Hw*t Bhowkkso, jun, (/Wiw.7.. lyM. 93. 420 4.3) * 
pg OirfiUmg AH alcoholic extract o.' cotton root hfrKa 

bark with »to*m,a very wnall amount of a pale'yeijuw.esaen 
^ 4^1 u obuined. The product gives tJie colour reaction of furfur 
ami, by keeping, deposits a lew crysUls, m. p. ITJ IH- 
to consist of acelovanillone. The ot her const it uenlti 
^ tiie birk are found to comprise; (I) a plienolio ucid, m. p. 
which i» probably 2 ; 3 ilihydrLixvbenruic acid; t'2) 
iCid; (3) a colourless, p'.umolic auh^fouru P‘ 

{fieetjfl derivative, ni. p. I;V2^ ), u liudi forma yellow 
in aqueous alkalis, and develops a pui jde coloration with 
chiohde; (4) a yellow, phenolic fuhft<ui<'f, (?), 

^ p 210—212^ {acftyl derivative, m. p. whu-li 

DfKAp a deep purple coloration witli iKpirous alkalis and with 
utrAtwi sulphuric acid, atul a brown coloration with feme 
p-ionae, (5) betaine; (^6)a faUy u/roAo/, in. p. 77 fi ~78 5^; 
c. i jjliytcfiiterol, iri. p, 13U‘ ; (8) a small amount of a 

pir.carlxin (triacontane I), m. p. (<>) ceryl alcohol; 

•• » mixture of fatty acids, consisting cl i idly of oleic ami 

|4.!3iitic acids; and (11) a considerable ju'oport loii of sugar, from 
d phenylglucosazon© and acvtyldextroso have U*en 

pt^fed. 

The bark does not contain any alkaluiii or Uinniti. Tlio 
u# conijionflnt, from wliicli some of the substances mentioned 
are isolateti, has a dec[) juirple colour, and amounts to 
I ‘^r of the weight of the air-dried bark employed. C. 8. 


Pretence of GentiopicHn and Gentianose in the Preah 
of Oentiana purpurea, L, Maho HKinEi. {J. /'f arm, r’/ibn., 
l?:b viij, 10, 62— 6 G. Comjiaro A., 1013, i, I -It), ir>0, 4341 

\* 1212).— The author has previously ex ami nod a cullivaleci 

|t»^’;fi;fii of Gentimia purjmrra, L., and now gives the re.snlts of 
b inresLigation of the wild plant, which is found to contain about 
M great a quantity of sulysiaiices li yd roly sable by invert in 
Ui Hfiulsin as the cultivated specimen. Further evideuco of (he 
of an unknown sugar, liydrolysablc by invertin, is also 
The roots of (rVfibna>i pur purra, Tj., apj>ear to be very 
itx.iAr in composition to those of other gentians previously 
MliM, and, on extraction, yield cryst-alliscfi gentiopicrin, 
gentianose, [a]p +31’43 \ tfio projiortion of tlio 
being idrotical with that contained in the yellow gentian. 

H. W. 


[ Rochemical Investigatiou of the Glucoeidea, Hyd roly sable 
F Bmalsin, in Indigenous Orchidaceee. K«. llounquKLoT and 
MsrMLf/. Pharm. Chim., 1914, [vii] 10, 14—18, 66— 72).— The 
is as follows The fresh plant is introduced in portions 
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into boiling 85% alcohol, and eWlUUon continnod for 
twenty minute* to en*ur© the deftrudaon of all farmeiit. 
cooling, the extract U decanted, and the residue af^in 
alcohol The united alcoholic liquor* are Altered and 
and the residue diswjlved in water containing thymol. TU 
tion of the liquid iii rletermined, reducing sugar is eetm^si^i 
invertaae added Sucrose, if present, U thereby hydrols>,: ^ 
the rotation changes towards the larvo-duection. When n.. 
change in rotation is observed, the liquid is heated at lu<; 
cwling, ernubin is addc<i. Should the plant contain a 
glucoside, the rotation returns towards the right, the exuiit'w 
proportional to the amount of glucoside in solution. 

The orchidacftc e.xamined are divisible into two grouf^. 
belonging to tiie scries Areras, Loroglottum, 0/d.,, ^ 

f‘latniithtra yield dextrorotatory extracts; the others, cori.pr^ 
tlie species Ltrnofiorum, f'Jpipactit^ and 

bevorotatory extracts. All species contain a sugar hydro! vsaUi. >* 
invertase. In most caws, sucrose is in all probability pr^srci 
most marked exception being presented by N. yiduM^am. \ 
plants contain one or more glucosidic substance* hydrolvsil. *, 
irnubin, wfiich possibly var^ in the^different cases. 
for the majority of species, the indices obwrved 1:.- t ?,5 

incKlerately close limits, which points to the presence of ih? 
glucosidic principle in each, and the fact that a preci[iit:-.t.* 
separates during the action of emu bin lends support to !f 
position. , ” 

Occurrence of Manganee© in Kentucky Soils and its Poarb 
Significance. O. M Sjir.nn (/. Ind Entj. 1014, 6, *'''!• 

—Although manganese is universally present in soils ar; l ; 
there are large difTereures in the manganese content of pr. w j 
of different geological areas, and sometimes in those fronj I < ‘p:. 
area, H'lie amounts found in tlie surface soils exariutn“»l 
from 0 tK)5 to 0 331% (MnOl, and in the subsoils from ■ 
0 ‘2r>‘l%,. Usually, the surface soils contain the lyger amoir*. vt 
less manganese is found in cultivated soils than in the cerr’“ ' < 
itig virgin soils; the same holds good in the case of tlie 
Most soil contain considerably more manganese than pl q^ na 
but tlio loss of manganese from cultivated soils is - 

that of phosphorus. ^The application of certein rnangan.-^ 
particularly the sulphate, to soils is beneficial to the rr h u 
quantity applied must, however, be small, as large quanti?:^ c 
harmful ' 
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Lin«8 and Determination of 

W. K Custis (/w. A’-.y, isu f fi 90 
w»ye-leuglhs of the tirsi ..x hn.s i‘li Liei 
^rum of hydrogen have been measuied «it!i il„. erralest 
a.x'uraey in order to detemnne the ex.ut t..|.,t,..«dtn 
Itnen U» wave-lengths of the sen.* lines. The «,,uraev 
U the order of Uutil bu, ,i.„ 
on the time of exposure, inoreiising with the lein.ih ,.f ih,' 
,-..,1 in eonaequeuce of changes in tlie teinperiduie i|,e .i.stnr 
|i6l. 

result# ohUxmA show thiit Ihilnior ^ ftwMinl.i ,Ih s not tlT.rJ 
(eiicl rtfpreflenUtion of (ho relation h tliv wavr hMi.'tlil 

ili^ virious liiiw. Tlio nunibors rati, huwwrr, hr an urau-lv 
by a modified Rydberj; formula, n V J V im * v’ 
'.hirh .v-^l()9679 ?:> and'p (itl.i;;). This foinnila' -nves the 
rveT^ritcr frequeucy of the Sf^ries as L’7*l 1*1 Siifi, r.-irrsiumdi,,., 
rh» wavelength (m air) of 'M'A:y{m inlrriiatioual umis 
rp to the present, the Hulmer srrits of hvtlro^oMi linri. lu.^ 
ai::v regarded us of the difTusr type. It is Mi-^et^tod (hat 
ti.T* the sharp and difftiM^ series j»rartit“allv ri iii, iti,. ni.l 
.t: Balrner senoe rejiresents the Miperpoiiitti,' of n,, 

II. M. IV 

Absorption Spectrum of Zinc Vapour. J (’ M. I jcnnan 
W , I9M. [fi]. 28, a60-~:J63) - It has been found llut y^inc 

p>ur dmws an absorption band at ALMdUdib but no <<v’nlenre 
m ale.nfption at A 3()7b'9y was obtained even at llie highest 
^wtfritnreh employed in the exp.-rinients. d'lie ihwv lines 
V ]HI9'0, cadmium \‘J‘jS.K-7lV ami zine A-JI.V.V3:|. are )mrm>’ 
ruv anti rorreapmid with a vaiiio o{ ,n -J in iVasidien's sitnde 
# ^nes. rt r.), .S - ,n/\ U i.s prcdnible ( hat t iie.so aeries of lines 
«h- uc attributed to atoms uf the revjHvtive metab in the 
slri. .tate. jj 

Absorption Sf^ctra at Very Low T«raperature«. An moo 

JiN’CHKUJ /?. Accai. Afncet. 1914, {v|, 23. j, 9ri3 959). -In 
y the tact that tiie bands of tlio pliospljMie.vi'f.nir speelra of 
LM. VI Its become narrower and more rleariv defined at very ifiw 
--ratare? the author has inve.stitrated tim absfupl ion epedra 
^^nriv! suIpfiaWi, chloride, bromide, iodide, anfl f- and p bvdroxv 
strifes at temperatures soniewh.it abfive ISo , At. .‘■ueli leiii- 
elutions of the salt.s in ethyl aleolifd solidify to tran«- 
'I.^iil^i ^as^ics suitable for observatiop; addition of glvretol 
bWit ^tbyl alcohol lowers the wdidifving p<nnt 

hut the solniioiia then t^ive eitlier an ouafpie rna>s Jir 
ixi8jp*rpnt one, which rapidly disintegrates. The alisoridion 
cvi ii, ^2 
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bandi »« (“unJ “> ‘**“"‘* to »“ * 1 ,, 4 

placed »t the lo« teni[«eratarc* u«d; m aonie ea*«* u.;w 

”*EiamUatior of various colouring ma^ra m the 
.b“»t at about - 18 . 3 ° the a!*,rptjon dfr o.t ^ 

Sly in !x«.t.on and clearncaa from th^ .observe,! a-. 

I ,C«raturL. It seems, therefore, that the io8j'>« >" • • s» 

mmuds, tlm selective al*orption of which « a proper! ; . 

the constituent elementa. 

■ Action of BAdiuin Emanation on Biploaive Gas i,* 
19H. 169. 423_426. 

C49) —Hydrogen aJid oxygen readily combine under th. -..t, 
of rUiuin emanation, and in one case the comb.naUon as- , 
panied by an explosion. The pro.lucU of the reaction ,s, 
anrhyd ogen jiroxule, the waur probably being fore m . 
deconiLiUon prcKlucl of the hydrogen neroxide. .No .r.-,-, 
brScd, ai'id but little is forme,! when working a.m ■ 
alone under the same conditions (compare Lmd, A., 19!!, 

ImmutabUity of the Uranium Kadiation. 3 

ftnti J. A. VoLLOKArr {Chem. 

Exposure to cathwle rays produces no change in the . v 
uraiioso-uranic o.xide. 'the increase noted by Jorissei, i. ; 
(A., 1907, ii, 422, 731) was due bo changes in the surn.uy;-, 
Uic’iircparationB employed. ■ ' 

Eleotriacation at Uquid-Gw Surfaces. f 
im. Mat,.. 1914, [vil, 28, 367-37H).-lhe yelcnity wit 
hubliles of air move through various liquids under 
of an electric field has been examined m a series . i t, 
with aqueous solutioiw of various alcohols aud fatt> ..... . 

particiihir, the cliqB-ndence of the velocity on the -e m ic- - 
Ld on the .■oncentralion ot the solution was mvesl.g .. i 
Tlie addition of alcohols (or fatly acids) redur» 1..- « 

of the hiihlilis, and therefore the e ectrification at (..• , 

Siirfiicc, the elTcctiveiiess of any .ilooho in this respc-t ■ ■ ■ 

iiur with its eftectivenesa in reducing the surface tens ■ ^ 

This reduction of surface tension is ^ 'h'’ “ 

of alcohol into s surface layer of sma'l thickness. T>' ; 

diflcrciii'e l>etw(.en the velocities lor pute water and n L.-'- 
diminishes as the diameter of the - ^ 

that the degree of adsorption is dependent on t e ‘ , 

surface. At the moment of ‘>'».^PP'^’-aace of tl e ■ ^ . 

eentration of the surface layer is equal to that ol 

Experiments with ail Imhbles in pure alcolmls sb"» ■ , , . 
is no ^ectrification at the surfacie of *1^ 

and other evidence indicates that the electrification pU 
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IB ‘ ’’ .xperiinenU are iiol due to tl,e poleiui.,! 
whicb Como luto play lu Ihr ratoplu.raisia ex|vninri,i!. 

II M. D, 

goiijeioa of a«)trio Chargas by Salta Non raatoacUvo at 

’■ »Jr,4dv 

by t!» author (A., ItUr n, J;T,) ,,u,l ullir.s will, aminoi;- 
^Uum, p^um and Imnum sulphate,, atnmuntuu. nitrate 
bromidf giVf* n^sulus vs hu h iiulu-ato iluit xhx^ unw 
^nv .,1 emitting elertric chatae, „ to l.o att.ilmuHi Ic the n.tu.n 
ffjMhiy an electrochemical one, of water vapour on ihvs,, ,., 1 , ' 
f« rhar;;« a^m to be earned by iotia, a„d the hvpotliesia i, 
lllAt the pU^pomemin is on© of molecular ai>stic)ation iho 
ui t4i© predorainaling positive ions heiiiir an atom of' th© 
I^eul or, more probably, uiie of hvdrogen generalt'tl bv the tlisso 
of tho waU»rva|H)ur. The ©fftvtds of clnm-e of pressure 
(^^^raturv, and intensity of tield were sfudit^l, In-lit at mn/of a 
‘jts^ue of the phenomenon could not ho nirruhoraied. 

T. II. IV 

Cocdoctivity of Salt Vapoure. 8. J. Kaukjivk (/Voe. 

lyX [d] 90, 634~647).*-The coiductivity oaI,, luted hy thu 
uxar> of tl>© halogen salU of zinc and oadmium lias lo-on inveystb 
;iEr.i It m shown that tJic conductivily maiulv tine to prm'osws 
,crE;mn:: nt the vai>ours themselves,, and is practu allv in.h uendont 
,f eimssmn of charge frojn tho surface of t he heated salt The 
lixun ui carefully dried salus exhihit ma,ke<l cunduel.iim power 
tins is greatly lnereH^(^d in the presenee of watervapour’ 

,..;Teate..t increase WHS ohseived in tim cast, of zir.e mdide whicli 
, ‘ r nif’s,.- hygroscopic of tli© sulisUmccs examined. 

Aith* ugh previous experiments (eom[>are (larrett, A.. lOd? ii 
hye shown that in ordinary cireumsUiUH^a’ tl,o e.jn.iur-’ 
i^.-y of th© salt vapour seems t« vary with tho duration of the 
the author has found that carefully <lried cailmium 
1 “ gi\es riae to a steady current. 

I > .-oiincxion between th,. current , and (be lenipiTatiiie « can 
>fi|'inKe.l wnth considerable accuracy by the funnuln i a c-t,» 
HOT!) „ and b are constants. On tlie assu.upli.u, ll.at (lie coii- 
• r" ■ <''■» to ‘ >® 'on'S|atioii of tlio vapours, t),e 

*.^.» U-en « culatod with Ihe following re.snlt,i cadi, liunVl, did.. 

.a , hrwuiile, C 97 voKs, Tluwe vaju,.., are 

inuising potenf ials for (I,,. 

pe.itabroniide anri sulphur 

k-di.n ' » fon.se, [neiice of clieinical 

[ 11. M I). 

r^Srrvif 28 ^ ^ 

> I Ji 347 354). — It has been supposed that the 

52-2 
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alumiuiuiti cathode do«itt uui dlunt«^ste to any tturkr^ 
excojit in lh« tjre»KMice of the inert ga*e»j but this ?iew 
be untenable by the results which have been obtained itj 
menu with discharj;** tubes containing the halogeu-. ,>^ 
iiteUllic vajX)ur», arid other gasee. It is probable Uui. 
proper conditions, the aluriiinium cathode will diaintegrii^f. > ' 
gaites more or leas rapidly. This has, at any rate, been 
take place in preeence of the halc^ens, cyanogen, penUn^ , 
vapour, cadmium vapour, inercury dimethyl, and carbon . 

In the cae*» of the halogens, the rate of disintegration iLi:>y 
with the molecular weight of the gas. 

The disintegration appears to take place most readily 'wL*;; . 
j>re«»ure in the discharge tube has reached the ordinary v. 
stage, and when tlie cathode dark space has reached iht wi V 
the tuW surrounding the catliu<le. 

Un<ler certain i-orulitions disintegration seetne to hr 
and ex|>ertment« are deschbed which indicate that a v«rv 
amount of water vapour may in some cases be the cau«t. '. f 
phenomenon. It may also l>e due to a thin film of oxide i r 
on the surface of tfie cathotle, which must first be rfrii<y,»yt . 
bombardment by the positively charged particles. H, S\ b 

The B4>le of Valency in the Additiveoesa of Diamagn^Ue 
Taui. Pascal {Compt. r^nd,, ISM, 169, 429 — 431).— In c ruawnif#^,? 
compouiuls of the metals lead, tin, or mercury the diaiii ,, 
of llie metal in an homologous series of compounds vanes in^iE i 
upper limit at the lower end of the series to a lower Imiit v. n 
upj)er end of the s«>rie«. In the form of salts the atomjr ruffy +r 
of magtietiwation of (juadrivalent lead and bivalent tin t. tnl 
the inferior limit, of bival uit lead and ijuadrivalent tm u*i:^ 
the upper limit. Mercury, on the other hand, has the soi.^ r. -; 
coefficient Iwth in mercurous and mercuric salts, llie valut- d 
notably from that of pure mercury and approaching tW 
limit in its series of organometallic compounds. The 
hoo<{ of several halogen atoms around the same ieinr.il i‘« 
depresses the dia magnet mm in inorganic chemistry as w^ll a 
organic chemistry, but it is impossible at present to give .x 
calculating the value of this diminution. \V h 

Specido Heats of Liquids at Various CoDstant Pressirs 
and Various Temperatures. II. SiLvto Lussaka 

1914, [vi], 7, i, 101 312. Compare A., 1912, ii, 113 :m, V.rH 
measuremeiUs on ethvl ether at higher temperature.^ ‘'d 
previously employed show that, as with ethyl and ainvl .xloh'e 'M 
diminution of r^, as the pressure rises tends to become lower n ‘d 
higher tem|>eratures and pressures; at a sufficiently hiirli 
the variation of Cp clianges its sign. The value of r, - '^j 
diminishes as the temperature and pressure rise. If ihr^ •niArd 
work effected in liquids during heating be neglected ami tl'r- 
ence between the two specific heats be attributed '' 
interna! work, these results and the variations of the '*1 
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comtAnt prefigure with the pre^ure anti iem!>eratnrv 
^ thoif U»t tJi« amount of internal work nw^sarv duriue 
atminiAliw with increase of the pre*^^re. 

«aeiu«on i* dr»wu tiiit the di.mimtio.i of the d,sUu« 
^*«ra the rool«<^I« of Jiquuis, wluih is naturallv amiinpainetf 
f<*tf»etion of the liberty of movement of iijo'lecnlt>s, carries 
it * dimiuutioii in the value of ami hrmc lemis to cause 
consumed during heiiluig to aid the molecular energy. 

T. H. P. 


frttgiog Point of ^osone as a Fixed Point in Thsrino* 

TaaoDOii W. Rich a ana and Joii.n W. Suiclkt IJ, 

.<ef . 36, lb->5— 1833) The most con vf II ion t and exact 

point* on the therinunietric scale helween 0 and IdO*^ 
5 j^'cbahly by means of the transition t<'ni|wTatures of livdinted 
(tou^iine salts (compare A., ISilS. li. Tioo ; lS‘Kt. li. :t»l ■ puH ii 
pV ii. 727; 1908, ii, IG; llUl, ii, Gur, ; this vol..' u, ':l\l 

i. p of * liquid can also he used for tins purpi^ee, and a 
study has therefore been made of ilie f. p of hentene. 
^;a4'rie of sufficient purity can he prepared without imu'h 
I5 U, mid yields a very deiinite and coiislant f. p., 5 ISIh' ♦ 0 iKill'* 
^ the international hydrogen s<'ale. This fixed tcin|HTnture, hi 
itnrtion with the f. p. of water, is of value for cahhratjrig 

K. G. 




|i«kmsnn thermometers. 


: CalcaUtion of Chemical OonaUnte. Uno (Jkasst (.Vmny> , 
^'.h ;vi|, 7. i, 313 — 320).— By means of measurements iimde on a 
^«*of fourteen compound.s, Miindol (this vol,, ii. JS) found that 
I# tjiucs of the chemical consUnt, r. which give good iigreeuient 
I ho observed values of ami those <lptcrmined Ijy means 
i yVt nst s equation , log p ~ T o? I /' i 1 To log ^ f T \ 'lu 1 i r, 
M'r markedly from those previously calculated hy Xernst himself! 
[W Utter made use of the ef[i!ation, 

A-{Au f 3 hr -.7^)(1 

I fcnjunction with that given ahovo, hut the t liernioeliemical .lat'i 
>M*flisp>Ml referred only to a restricted temperature interval, 
the values of the constants t and wore derived hy a preresH 
(iiproximation. The autlior has determineii tlicse eonsiant.s moro 
^ilx from the value of t, and that of p at two temiMTat ures 
Hrrmi ('onsiderably from the critical temperature and from o,m 


u^MolIowing latent heats of eva]K)ration at (I- were determined, 
» numliem being cal. per gram (compare this vol., ii, 184);' 
ethyl ketone, 124-2 ; diethyl keUme. 1 1 2 H.'i ; dipropyl ketone 
. «*op»*^>pyl alcohol. 192-2; junaeolin, 08 f),! By n.eans of 
method the following critical jires.sures were measured- 
Mono. 33'9; dietiiyl ketone. 42-;i ; ami mdl.yl ethyl 
i * ®f**‘*^- 7'he values of the chemical l onsiantK ralcu- 

J from the two above formul.T are as follows, jhi^,- given hy 
ride being showm in bra<'kets: acetom*, d 7 4 (;h(J8}- 
Pr'^thyl ketone, 4-50 (2-97); diethyl ketone, 4 54 (2 92); 
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diprop}^! k«tone, 5 59 (2 90); «Uijl fon»at«, 6*56 (2 92i 
format#, 4 10 (3 U); methyl aeeUt#, 5 73 {2*96); cthvl 
5 05 (2*93); benxeoe, 4*37 (2*83); Mopropyl alcohd, 4*94 ( 3 :' 

T. li p 

Troaton's Rule. Caklo Soxaglu (Xuovo Cim.^ 1 9! 4 , ^ 

i, 321” 32>jK Cederberg’s objection to Nerast'a equal; *?• % 
1911, li, 854), on the ground that it contains no constani? 
to tlie particular cornpound, is invalid, sine® the boihji^ .. 
enters into the eijuatiun. Ceder!)erg claims for his own ' 
that it contains no empirical constants; since, however, it ss 
by eomhining other relations wUh van der Waals’ erpin, , 
the value* of n are tiot the same, but different for differ- 
[>ounds, till* claim is u{»en to criticism. 

The author has invesiigaU'd the values of Trouton's con'i .'.* f, 
ethyl and propyl formates, metlivl and ethyl acetate*; , 
methyl etliyl ketone, diethyl ketone, and dipropyl ketone v 
temperatures, which exactly correaj>ond. Use is made *-1 
formula, A (<V - d fiT tr'M 1 - p/iCe), in which e is a ■ 
and Ay tlie latent lieat of evaj>orallon at absolute zero A - .'t, 
mea.m re meats of A at two different temperatures give u,,. 
of A„ and e, ami hence the value of A at any other 
st> long as y; is small compared with the critical pressurr, » ) ^ 

reduced lemperalures equal to or greater than 0 5 , , 

j* not sritisfie^i, and in these cases p was calculated hv !!:♦•>** ^ 
Kernst’s formula, log p ,v„ -t'oTl T -i- 1*75 log T — ty/ l 571 ^ 

Tlic results sloiw that the values of Troulon’s con>tu>,l ' ?■. 
esters become Wjual at a ml need temperature of alMHit ^ 

at lower temperatures marked variations occur. Xeni*;t ~ ^ ^ 

tion, tlial the values at tlie boiling point increase uui; r 
temperature, is not confirmed for the values at cr-ri*.; • ; 

temperatures. 

Ofi tlio other liaud, the curves representing tlic v-um* : 
Trouton's constant with tem|>erature for the last three 
similar, but di> not meet ; the l>eliaviour of acetone is ( < '1 v 
by tlie lendciicy of its molecules to associate. T. li i 

Rapid Laboratory Method of Measuring the Partial Va;»5 
Pressures of Liquid Mixtures. Jf. A. HosANorr, (' W 
and K, H. White {J. Anttr, Ch^m. *W., 1914, 36, - 

The ihiu il methwl of obtaining partial pressure data by .3 q 
(*ff a small quantity of tlie liquid and determining c- ;: * < 
(Zawidzki, A., 1901, ii, 6) givcva gooil results. A sirnj'h r a: * : 
rapiil methml has now* iieeii devised, wliich has lK*en .-c: ■ -J 
both biiiarv and ternary mixtures, and is recomnnu-i ' ^ 

easiest means of asi'erlaining liio conijvisition of vapivir' ' 
ibriurn with liqui<l mixtures. Instead of allowing th*‘ 
accumulate in tlvo receiver, seven or eight consecutive >:-vi 
tions are removed and analysed separately. The conii" vi *• 
weights of these fractions being known, a curve can L' .■■>rvr 'n 
indicating the composition of the distillate when its ^ 
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»»,V <WniU ajiioimt within tauo^ of tlu^ ourvt*, A 
■ ,*xirapoldUou backwards leads u> thr puna at u)iuh tiie 

;j,; ,1 r IS rrro. The ju-nu . i Miters^stjon uidicates 

. Potion of the hrst mdenmiely .in dl aioouni of vamutr 
^ .^1 hv the liquid mixture. 

'XpjurAtus is described for carryiiii; out det^i unuatKuis by this 
^^>1. ah I the results of measureiunas iro i^n eu fur nuxiun^s of 
hsulphido and carl^ui leiraidiloruie. ihior-donu and 
Ai^uone and toluene, and rllivl iudulo ;nia .ihyl .ioeUt<*. 
M.,v,,!ifemenU were carritvl out i^>pio>iua!Iy uiuior cu.imary 
ru' pressure. The method can be t inplovtHl in xn 

..-r'i}i(r amount of substant't^ available is ivm’Milal! to viebl 
. vitu ressults by Uie nldur nietluxls. (; 

Apparatus with Groundjoints for the DUtillation in 
^ixum of Subetanoao Aitat-king Cork. Hk.shi v’luutiix 
aHitf.. 19U, 19, -*'20 A ^la>s appaia'')-* r nhi-l. 

; * distilling ilask^ fractionating coluinn, and remvtr, in whic h 
, lilts are ground, is figured and de.vcnbed ; it may bo us*‘d for 
v iit:^ n utnler ordinary <ir reduced pressure'. A glass (uV»«* .sup 
^ Jho thermometer is groumi into the top of tlio frartinn- 
. c. ill run, and conLaius tiiercury. to sivure rapid e<|uahsatmn 
*:-» r« uit'eraturo. (’ 

i^ermoelement Installations, Especially for Calorimetry. 

. tts V WiitTK (J. Am^r. .Vof,, PJU, 36, 185tU IHhH).— . 

u -r^aest precision in calorimetric work is uUaiimblc^ l>v I bo 
r ■ . ;r; triral tbpnnonieter.s. 'I'lie most satisfaelorv cjf <lies(\ and 
r- . ac’curate for .small intervals, is the innltqdc^ thiTino' 

1 ';;1. Alien n.sed wdtli a small ddfereneo bc-twen two ends, 
r i‘ uiil is given of Ibe methods and ajijiai.itus emp}riye<l in 
-ortrie procedure, and a type of auvibary i rist.ailal nm for 
f r- liicn ts is ^b'Scribed wlin lt is rcnivcouen! , rapid, and eapablo 

‘ ' precision i>ften required for caleriimdry. A {im ision 

II •erovrrlt cati I>e obtamecl wltli (he use* of a Mutable 
r switch ainl an ap]>ropriato jM.fnil iometen . Kor Ibe 

' - v .1 t 'munori copper knife switch is serviceable, .^.il i-faet cry 
! - ^ 's-eters are di'M-ribcsl in ai scqiarate paper (folbiwing 

i ' K. (]. 

P'd^-ntiometerB for Thermoeloctrio Measuroirsnts, Bspe* 
i.yv :n CAlorimetry. Wai.tkh IV. Whitk (J. Am^r. (Jfum. iVoc,, 
36. — 188;)). lV)t-c'nl lonueters are rleseribed wbic It am 

^ ' ^TariV <adAj)tcd for higbdannporal nro jneasiiremeidH in cas<*s 
^ the s+ iisitivencss and pri'e isioii of the thermoc-lement is 
' ■ n exee*i of the requirement ,s. Split ( irc uit and combina 
J ‘••mioiiicters are satisfactory ami easily oldain ilile, btil Om 
1’ " and Feus-sner potent iojm ders cf a rangit f,f 1 volt or 
Jiot .suitable for tlieririmden lent work. The p<itenj lom* ter 

* ‘‘‘nveiiient for simultane ous measurements of dilfer'ud. 

* -^-rently varying ^.J/,/V’s, fVml also enables ibe bust. tw’c> 
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figure of any reading to W Uken directly from the galv^rt 2 ^,., 
scale. Jt lacreaiiee simplifies mauipulalion, dn 

errors, and gives caloriinetru* data in a cvnvenient form for 
treatment. K (j 

Surface Teneione of Liquids in Contact with 
Oases. Auasf Ficrmr»o» {f*hU. Jfoy , 15M. [ri], 28, 403 ..jj- 

From obwrvations of the maximum pressure require*! u, r> 
a huldde of ”ga» from the end of a vertical capillary tube 
in tlm injuid, the author has <letermined the surface t*-?;.: : 
benzene, cliloroform, water, methyl alcohol, ethyl alcoh i r' 
ether, and turfauitnie in contact with (1) air, (J) carlnisi ,j ^ ^ 
Ii all cases, tiie liquid was found to have a smaller surfa..- u?. . 
til cc-iitact witli carhon tlioxide ; the hirgent difference, a:;- ^ 
tf> 'JOo'/, IS shown hv ciiloroform, and the smallest . 

0 U) ; , hy turpentine. 

The ohrtcrved effect is not only intluenced by the natur*’ ? ■ . 
gas. hut al.-i^o hv its soluloiltv in I lie liquitl. Since the c i-. 
however, fody .sparingly s/iluhle in tiie liqui<l8 exaininwi, -t ;» 
ahic that tlA* vj.iluca obtained differ only very slightiv fr : • . 
values lor ga.n f/rce liquids, H M I* 

Absorption of Dextrose by Bone-black. Haeold A 

(J. At/itr. dh^nty 1914, 36, 1832 1838). !u the 4 

it-rtain work tin* sugars, it was neces-sarv to purify ii-. 

quantity of ifcx^rf^-ie. Ihiring tins purification it wa><.fv:.v 
that a Von-.idera?.ih* anumiif of the dextrrse was renstsve i 
hone black Irotn I he aqueous solution. In order to invest ig I'l- ■ ; 
phein!tnen<ui. ^«)hlJliens of ih-xtrose of concentrations fr'a. ■ ' 
to oO i'i.'s'.. vv,.rc tiiealed witli purifie«l bone black, and att*y. 
e.xamine.l p. t ii ntiiutrically. ' Tlie results sliow a regulit o. 

• licating that the alisor,o»ion of dextrose hy l.one-hlack f ^ 

principle rc.s"inhi trig t he dist ritb»it ion law'. Tlie ratios o! t h»- .--c. 
of flextrosi* per gram of soiniiion to that per gram of bera < 
are almost idenfi.Ml for all fhe concentrations. The data 
in tlu'se cxperinu-nls '-liosv tlialt bone-black lakes p.arv - 

water from I ho -odutions a.s well as the dextrose, and 
.absorption <rf tin* w itcr fakes place according to SfUne I t ; ^ * 
similar to thit f-'llowed in \\*u' air^orptioii of dextrose. . - 
equilibrium iia.-* l oioi attained, the solution of dextrose will 
Ix^irie black is at least twii'e as 1 1 oju*entrate<l as the solution o jh 

1 f o 

Morphological Studiea c^f Benzene Derivativ^ 

The Correlation of the Forxma of CryeUle 
cnlar Structure and Orienta ition in a Magnetic " 

Case of Hydrated Bulphonat*^^ of Dyad Metala. H - 

STRoxn and K. II. Uoi»n (/Vnc.'i /on/- - i*^]* 

(.‘oinp.are this vob, i, Ibfi'J; ii.e 113). — The work record*'* 
.^mer iias particulai reference tol/ tlie behaviour of crystals, ^ ^ 

of -Wilts of the magnetic! and other dyad metals, w..r.. 
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u» * rtrong magnetic field. Salt* vi Uie^ meuU with l>eii 

^ ,^|phonic. t4>lueno-^*^suljihoiuc, ^chlora , ;fhro!iu>', /►uxio, aod 

phonic acids have been prepartvi. ami the 
n*”^ crystal higraphic data are ^mvcii All the salts 
rvtfaihi^ in the inoiiocliaic system, the last two in the hemi- 
^xpfiK' class, 

[i . 0 , . fi 

,, J|/sO,i,re,«HjO ... 3 : 1 I lu.'.S s«i Is 

,1 ... 3 :»5o0 : I I >0 ; 

CJt*l!lO,wNi. 611^0 SftiTfi l \ \0Ui >r\ vj 

3 Siy:2; 1 ; MOM SS 

f H,M«'i50x>A*o.6H,0 3 i*;Ki3 : I : Moso ir 

J|,i|e*80AN'i,«H^0 3 inHi* ; 1 ; Mo;iy Ss :ii| 

• 3 <t7Sl I : 0 \*0«M IM '.'lJ 

{ . . ... 3 : 1 :0 tx;*7i 'xs ie.K 

! 3 ri'ya : 1 : 0 i*uu vtii 

[t ;l I , Hr -SOjist « 1 1 .,0 . . . . 3 7 i 0 J ; 1 : 0 7 1» 3 ' 

jj ,. 3 731fi .1:0 Vti.3y yt St 

, 3 :^fi6 ; 1 : 0 yO.s*. yS 33 

{. ^f!,n/Sc>,UK.-.MI,0 17343 : 1 : j 1033 7S 40 

:l 1 7430 : 1 ; -J 1034 7S 13^ 

X]r lM*niene»uij»honal<‘H, tMhtenesuIjiliuiiati's, and p lialn«;etj’ 
jdionatea form thre«* distinet isoinnr|ihous l)etw*t*eii 

^; . f«inili, howeverf there is a el(>ik« niurphntrt'pic reiationship ; 
vjiu of the dichloro series, however, show no olivnuis romiexion 
■ thnse of the other tlirtM*. When the s.ilts of any one metal 
' -T .';rst three series are cnnsiderrsi. their erystals are fmiml to 
fTr^i«Hid in iimijnetie India vinur as they do in ;.^n-oMiet rieal at rue 
v<it IS to say, ror responding' <iireetiMjis wt m (he Mime manner 
: »* iiiA^jnetie field. Tlie Siilu ol different im tal-'^. however, differ 
u .V ifj magnetic India vionr. In tin- caM" r>f all the iron Milts, the 
; n > is the direction of greati^l ma^nelie jM*rmeahility, whilst in 
• Milta this ilirec'tion is that of least permeahilit y. The 

td vil is differ from both those of iri»ii and lohalt, htit appear 
^nnilar to tiiow of topper, man^a im-m*. and magnesium. 
::ir differences are ffmnd helweiMi ilie sulphates of 1 Im* mag 
fiK-t.^ls and lietw’een tlie (ioiilde miIu wdiieh thes<^ form with 
: nmm sulphate. The relation helween (lie inoleenlar and 

structure of the sulphonates is dis-U'.sed from the 
Ur Mr Popp jwjint of view', and alM> (hr* use wlncli luay he marie 
Uiagnetic pro|'.ertv of t rysfals for mimn;: tin* e<prri'<’t 

h 411 appemlix, rlata are given f*tr the (Tvstaliim- form of 
/oehlt>rohenzr’iif’snlpli' iiale, w hir h is foumj t»j he in < )< se 
tropir' relatimiship with the eorresponrling iron and rr>hHlt 
'■» Tile salt, wdiieh is anhvdrrrns, iTystal)is/*s in the momilini'- 
'♦f'-m. fi ft. 1 -l.'iSJ : 1 : OdIhpJ; 3 ^7 I The hehavirmr of 

t in tiie inagnetir fiel»l is also r-onsirleri'fl in the liglit of 

‘ ion that tliere mav W* vime r<ninexioii hetween magnetie 
•'‘‘eolility ami llie <-oloiir of the (TyMals K. H, It. 


firowth of Metallic Eutectica. K, K. K. LAMiu/ituii and J, T, 
{f*roc. ^oy. Aix;., 1914, [d], 90, 6(K)— 604). — The influence of 
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undercoolinjf on the structure of eertAin binary alloys r 
examine4. It has been suj>jK>sefl that the formation, dr ,, 
primary cry^itab cf an alloy, cf an envelope of the - 

utituent separating tlio primary crystaU from the baml^ ^ 
is r!ue to ufoi ft ’o< ling jn iii« prccew of soluUhcation. Tl .• 
ments which have inarle by the authors indicate tii -,* ^ 

not the case, and llicrc ap|>ear» to l>e no connexion 
t^tween the undercooling at the hrst moment of solid ifK ' j _ 
tlie formation of sm h a halo or envelope. 

From the examination of a large number of alloys, 
found possible Uj classify eutectics according to their -r > . 
The majority of en^-ciics faU into two classes, which arc , r. .. 
i»e<l, res|>ecl ivclv, (1) by spheric al rariiating growths, an ; _ 

wcll dehiie<i crystal c<ifit(jurs, slmwiiig in section a Ic^rr . 
structure. *^1 P 


Hermannus Follinu« and the Law of the Iode6triRUbu,y 
of the ElemenU. W. 1'. Jokissen {Ch*.m. We^Wtui , ] .<U. \i 
bli‘2 fn Ibl.i, K<'llinus observe<l that a given ^ 

mercury could be tiaiMiormcd into mercuric sulpliule, l ; ■ . 
the product could I- oxidised to mercury without ch.uo- 
wciglit of the metal. A. I \V 


History of Condeneers. Max Spktkk {Chtm. Z^nir., 1 M 
17LtH; from i'ketn. A iff>*fruf 191 d, 1, 65 — #0j. A critn' d . v , 
si<*n rcgarrliiig the hist'try of condensers. The author ^ 

the Idchig foiitlcnsr'r sliould l>e known by the name of it. lv-,- /. 
Wcigfd. " I' " 


Simple Method of Making Dewar'e Tubes. Hknhi 
fda/t. (’Aim. nyinl., 19M. 19. — ’Jitl). — A gla^s IldH? of 

diameter is firawn out to a line tube at one end, whilst ll *' ^ 

end is rounded, like tlie boitom of a tesbtube. This end - 
heaU'd, tlie end is drawn in stj as to form a concave cap, a;» « 

the end of the tube is kept in tlie ilaiue, an iron rwl is pn-^ws* -i 
the cup Hf) as to fori'c it intr> Die outer tube to a suflicirni 
Tile tube i.s then silvered and exhausted. \V. j*. ' 


Device to Aid in Freeing a Precipitate from 
liquor when Filtering by Suction. Rosi A ikes i »otiTM& 
.Imer. (’A-fm. Ner , 1914 36, 1967),— When k pr6cipiun> iu* 

colUM.te l ami drained in a Ruchner funnel, a further u’a c * ’ • 
the inoDier liipior ('an l*e removed from it by placing <» r • 
thin si»*'et rni>ber over tlie top of the funnel and secur:u/ / 
moans of a rui^tar band. The suction draws the rubber • 
over the .sides of the tunnel and on to the top of the pr** ; 
The surface of tho rubber may now la* firmly pressed • ’ ' 
hand or witli a pestle, and in this way the precipitate ’ 
obtained in a comparatively dry condition. *' 
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jUduction of OWoratoa to Chloridee by HydrawB« S«lb, 
..ji Ui« Aid of * W. U 

r f ^fi*. !nd.t IwU, 33, 815), i>t>!ution> of nlkth or vxUm 
L (broinat«* or lOtiaten) aiul hytlrazino s.i!ts miy l^o nnxt^l 
Uuiff inmy proportion and boiled 'witltout any loitiu.u t ikn..^ 
lI.t, 1i\ Howew, a piece ol Urniduyi wmc or a'frao 

w i* pf)er oxide is intro<luced into a cold solutii'n of not 
i and hydrawne nitrate, an action onumcncc.s at x ho mu fare 
, r - olvrtl. The reaction is acc.-lci it«d 

and i& quanfuative, in acconlance u,tli the loHowno. 

-KCIOj T 3N.,n^ JIX( GlLt) 1 dX,, i ^ dvi’r 

it of copi^or di8solve<i n* very si'nall ; various co]oicr\;ilta 
p..;ive A I lice result. When uw^d for the estimation of ililorat^^a 
or iodales, the slight excess of hydrarinc salt ust*d is 


^ sc iid. nitrogen beiiie 
N**’" 


. . 1I>UI.IZUU 

yri by i)ermangaiiate mixed witli niir'ic acid; the chloiulc 
p , iodide pre.sent in the fwilntion is then estirnat.si. 

iiv:ri?nie sulphate and oxalate do imt. react so well as tln« 
Hath copjier and ita salts; in the ]ires(Mice of metallic iron 
f.- :r-n salt, the reaction with the sulj.hate is violent, wiieiv.is 
f i vrry Jilew with tiie nitrate and oxalate. 

K^'^rcnce is alsfi made to the action of liyilrazin. 

- o'-an-s, arsenates, |rtTsnIphates, osmates, inolylidafi 
rMo^d,ltes, Perchlorates are m»l, redu<>e<l in the 
1.-* d;!,rf it#-s: amnioniiini perdtlorate and hvilra/.ine 
y together without tlecomposit ion. 


on ili 
•*, <uno>l.iles, 
samo \Miy 
ml fa to tn.iy 

T. S. V 


EKittenco of Free Thiosulphurio Acid. (\ IU.nuiovanxi 

U1I4. 44. i. 624 -627).— Whenana<^neo,...-l^■ohoIie,oIu- 

; •: : rsicthylene-blue is mhled to an acidified so]nli<m of a DiHe 
it is decolorised. Sulpliuroiis acid not. elfoet this 

i i. n, which is an imlicatinn of tlu' jprcsence of fn-c thin 
irj<- acid in the solution. j{ y ^ 

rc. Cirstal Form of Some of the Hydrated Haloid Salte 
* tne Alkali Metals. C, W, Cook (Avt^r. J Sri., lit! |iv|, 38, 
C Uii. -The majority of the.se hytlraled lialoids’ enioVcsce 
i-'<y at the ordinary tempera I nre, in' const'fjucuv* of winch the 
■ L^raphic (laU rtv’fmded are inctmiplef and of rnily aoprovi 
V ;ircnracy. The salUs were not analysed, tlie formnlm l.ein- 
Ti;” J^'>diniri hrrpirnde. 

^ ”J^»Ot-linic prismatic; n : h : r 1 O.V;.) ; 1 ; o 7oC08 ; 

inoiKK’linic jirismatio; o; h : r 0 . 1 ; I II ^^P; 

d5r,:jH,.0; the constants for this salt, ronld not lie defermioe.j . 
^ of the angle{Un)-. (110) is GP'2P. E U If 
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lAomorphUoD between PwrobloratAB and Farmacgaa^. 

O. 8c*«lu«i3ii »iwi A. Mamajicohi (^O* A. AeMd, Zahmi, 13U , 
23, ii, 12 14). The atlioii of sodium perchloraU on ^ 

trat^d amnioiiUcal sfdution of silver nitrate yields the 

whuh forms acicular cry^^ls sensitive ^ 
influence of li^'ht. The analogous rom/P^ant/, AgMriO,.‘JN H, ji 
(compare Klohh, A., 1 983), forms dark, aaciiUr crv.r^ , , 

inetatlic lustre. Tltese two salts form inixe<l crystals, ^ 
coritatn up to aUul ’Jo .. of the permanganate compouua 
The rt}infpuiru{» Mg{Mn()|).„2C,.Hj-,N and 
N i( M h 04 ).., 2 CV.H 811,0 

have aljM^ U-eii prep^^^ed hy the action of hexamethylem t. ,, 
on magneMUiin and nickel |>errM3nga nates. T. II p 

Syuthetic Celita and Large Cry«tata of Tricalcium 
Kdwakp I). CAJirBEi t. {J. /iwf. Eng, C him., 1914, 6, 70' To. 
Celite coii.HistH essfMitial) y of a calcium aluminate, m ji i' - 
above 1 10«P ; it has the formula oCaO, 3 AL 05 , anrl is , 

diss^jlving, when lifpiid, calcium orthosilicate and cahiioiL i * 
If the cfjiiceiitralion of the calcium oxide is suflicieiil aioi v i- , 
complele, pure tricaicinm silicate crystallises cut wlien tl*. rr 
is cwled slowly. This suggests a new theoretical h 
i*ortlaiid terneiit. Tlie I,e CiiateUer formula first pr«>j>: »kt 

Tf.'tOaO.Sit).) ^ y(3(’a(),AU)d» re^piiring calcium oxide \ v . 
eipial to 2 HSd), i 1 fiAljV, ; in practice this gives a lar^** 
uf free calcium oxide. In tlie Newberry formula. 

T{ IK’aO.SiO .) I 5/(2CaO,Al..<):,), 

the 4 *alciiim oxi^le is C'<piivalent to 2 8SiO. ^ 1 lAlJt,. ti i >• 
gives an excess of free lime in the cement. 1 lie ffjr'Ms » t 
suggested w.ml.l l>o /(3Ca().Si(V,) . /d-‘>CaO,3Al./\). 
calcium oxide hy weight would Vh‘ equal to 2’8.Sin . - \ ^ 
Such a formula would conform more closely with the r*- 
obtained in tlie l>cst practice. 1' ' 

The Diaeolution Facee of Dolomite. P. GxtjnrkT 
rend, 1914, 15&. 48 fi - 488 ). -When a cleavage rho!ubnh,.<lrr. . 
dolomite is atUcke^l by boiling nitric acid, !u-alciiohodr.d ‘ ■ > 
Appear. The positions of these facet.s can W determimd. i' ; ' 
found to vary in a regular manner with the rate of atlA< K •' < 
ftchl on the crystal, tlie iiidice.s ranging from (11,1,0) to (41^^ 
the same manner, the form of the corrosion figures on . ' 

faces of the crystal varies with the rate of attack. Sp^MOv*^' 
dolomite are attacked more shjwly by acid of a given mr- * 
tioii the more iron they contain, and tlie position of 
tion facetvS varies accordingly. 

The Ternary System. Diopeide-Porsterite-Silica. > 
Bowrm (dw*r. J. .SVtV, 1914. fiv]. 38. 207 2 ^ 4 ).— Ao 

given of the equilibrium relationships in the ternary 
CaMg(Si()i). SiD. which repre.sents that part ^ > 

more general ternarv system CaO MgO SiO^, which is ‘’l -t- 
interest to tlie jietrologist 
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meUiod of oxperiiaeut i-ou»Uttyl iti healing mixtures of 
tthca, a„a caUnnu carU/tmle a1 known 

i« *» eletlrn*al resistatuf lurn.ot^ until ei|n)liliriu!n 
iiUtn«i» whwj the mixtures were r^ii-nlly c^^oM^ ami after 
rxauhued uiuler the imcrost'upe. 
hjttxry s>^tem Mg.SiO, .SiO. has Wn aeMnlnsJ in a 
pa j>er (Bowen ami Amiersen. this vol . u, 562) The 
l*aMg(Si 03)2 SiO. shows tlie si m pie euleelie reUtioii. 
inelu at 1391'", ami the eutectie leuifH-rature at 

limpide ami tridymite ixi^exist, lorresju.iuU with the Jum 
j.munn Sli. diopide and 16^ silica, A break on Die silica 
is aliOWD at H70^ and ihis in all pr<*bahililv corresponds 
traiisforiiiatiun uf tndyinite into cristol^ahte* The system 
irJJiJ Vb siiows the eute< tic relatign/ The 

point, at the ci>ni]»osition t. tliopside and 1 ‘2 forsteiite, 
3 .eiv -t’ to 0*^ lower than the melting point id ilmpside. 

TW three hi nary systems give ns,* to live Si>hd phuM^s 

rsade, cristo halite, tridymite, clino tmsl itite, am! forstente. In 
rernial ternary e«pi ill hr iu in diagram tiiere Wiiuld U* iiv,* cor re 
R. f luig surfaces, six houmiiiry curves, amt tliree ternary invariant 
P r.u The exfKTiment<aI results imlicate, however, that diopside 
Li himenstatite form an unbroken series cd solid solutions 
ir,;.*!mic pyroxenes), with the result ilmt <linpMide. ilino 
and the intermediate pyroxenes havi* hut one surface in 
-i.ai. There are, conseiptenl hL <mlv three houndarv curves and 
: ^ vtir ternary point, namely, that << na-p. miing ’with the ,-o 
nvvme of crystohalite, tridymite, and pyroxionv 
T*.« (optical properties of the various crystalline plias<*s have l>een 
HOMncd. and it has Ikhui found that the properties id the 
iriies vary continuously with the composition. In i'(»nsider- 
6':^ hearing of the results on petrologie prohlems, attention is 
rt e,l to the resorption td forsterite in the artirn ial mixtures and its 
‘ible connexion witii the resfjrption of oh vine m natural r< cks. 

n. M. 1 ). 


Oiy haloids of Lead. G. Sanikinsim (Afti ,hrm/. Ah.c-f, 
;.’.h vj, 23 , i, 959 905), Thermal ami mlcrcigrapliic stmly of 

«yi4em PI O PhBr. confirms the oxistem e of the componml 
h Hr. hilt) at high temperatures, and of iMiRr,.‘2Phf). ami 
":: aU-.s also the existence of tlu' <-omf)ounr| IMdir.,,! IM)( ), which 
.■*' ni|H>si\s on melting. No formation of soliil solid ions between 
various oxybromides i.s obwrved. 

Tj:<- !fystcm PhO PbF\ floes not ffirm a compound, lud a siitijile 
111 . ]). -194 cfuitaining about 5 J mol, ' cf I’bO, is 

-^rvefl rj,_ p_ 


Aiwnatee of Lead. Herman V. Tartar and IT H. Robinson 
J jmir, Chm, fSoc., 19U, 36, 1843— 1853). -The extensive use of 
^ Md arsenates as inaecticifles lias remlered a knowle<lge of their 
-^uduiiou and properties of considerable importance’ and the 
investigation was therefore underUken, 
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Ijimd hy4fogea arcuate can be oblaiaed in A f*irtv ; u?* 
dition hy the following methoil. The precipiUte , 

iateractiou of lead uitfate and tlUodium hydxofg^u 
w4*Jit4 with water and dhaolved in just sufficient uiir, 
effect jioiulion. Dilute arnmooU is added gradu&Uj Uj * l 5 
tjon unlU al>out thn?e fourtlis of the nitric add 
neiilrah»ed. The precipiUle of lead hydrogen arsr,.v 
obtained M left in contact with the solutioii for some r. 
in then collected, wa»he<l with freshly boiled water, an i ,:r 
110 . The product contains a small quantity of water. .. 
nut toX|M?lled l>elow Wh^ii heateii somewhat 

U converte^l into lead pyroarsenate. 

AttempU Uj prepare lead urtliuarsenate by the 
ammonium hydr(j\lde on lead liydrogen ai^iiate, as sui- - • 
(Sciftirr, DJll, 33, HdH), resulteil in the format - 
basic rotujMJUtuI, ^ I Pb.( )_.,2l*b((0H as 
amorphous powder. Dure lead orthoarsenalo could 

ubtuinetl. 

Ixad hydrogen arsenaU? lias Vf o'TSG, and Imsic lea i 
l>f 7 lofj" lloth compounds are very little, if at all, 
water. 

The precipitate.s olitaiiu**! by the reactions of lead o 
lead nitrate with diKodimn hydrogen arsenate are ic 
lead hydrogen arsenate and the basic lead arsenate in ; 
varying with the ciuiditions of the experimeiiU. 


Atomic Weight of Copper by Electrolyais. A: 
Hiihimpton (/Voc. phyificttl AW. Loudott. HH4, 26, 29“’ a] 
relative <|uaiitituw of copper and ailver depositeri hy 
current have been deU-‘rmined in order to obtain the. .iI<h 
of copper. 

For the pnxluctton of an uniform coherent deposit i 
it was found ruH'^'ss.Lry to maintain the current desi' 
cathmle below a certain limiting value. This limiting t 
ibdeiMnined in a .H«»ries of preliniiimry experiments, and 
th-|MOid on tl\e form of the electrolytic cell, the conc«'n'! 
the cleclrolvte. the presence of acid and other impnr. 
pr<’«en CO or alisonce of a |H)rous pt>t, and in th© case ot ri 
(■atho<le on the speed of rotation. In order to prevent v 
tion of loose crysUlUne clusters, it was also found ny- « 
regulate the current density according to th© weight o| t 
to be de]>osited. Empirical formula' are given from « 
limiting current density can be calculated. 

In the actual experiments four copt>er cells, place<l D? 
silver cells, were run in series. The surfaces of th* 
rath* ‘fit's varit'ti from 10 to 50 cm.*, and the actual w’eiL’h 
ilept'.sits were plotti'd against the corre^pomling cathod*-^ 
in order to eliminate the effect of cathodic dissolution ‘ 
point ion zero cnthmle surface. Ten values ohtainc'i 
manner give for the atomic weight of copper 63 o63±h‘ '’ 
silver ia t&ken as 107 83. 
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Cry»t«lline Structure of Copp<>r 

.i.. 19 N. iTi], 28 , 355 -:i/.»n tt, 

of inveetigatiou to liie siiuiv 

' ,^r Tbe surfAoeK of ihe.se crystals rei! 

. , " , 


etched with uitru* acui, anj 
»)Av distorted 




gooil fctHhdanl of a a 


H. I^\ftKlNCK Itiuoo 
rtulliot has apiktietl the 
‘*f natural crystals of 
ct i ! ; ^ r :» vs sAiisiM'X on Jy 
the faces ate 
is ohtaiuahie 


the A ray speclnunetcr Tlio resuhs show tlui hi a cotM>er 
the atoms are arranged on a faivcentred cuhic Utluv 
close packe<| latlit.'e stigi^esUii hv 
!. r elrmeiitary substances. 


i 


Harlow and 

K n R 


Mineralogical Chemistry. 


OciAhedral Crystals of Sulpbohalito. Ilovr S tUir ami 
K Hi.ss (Am^. J. Sci., lltM, [ivl. 38 , ^T.r 274 ). <Mahe.lr*l 
uh. ..htained from dnllingR in tlic saline depo.Mts at .'Narles 
(AoiJornia, gave on aiialysis numbers wliiclt UL^iee wiili (hose 
.. V .!. <l by the formula for sni jiluihalit<', 'JNa ,SU^, \a(’I, KaK. 
fronts of the ilensity an<l refraitive imh \ i.’.Lve |) -J fi aiid 
h ‘ ^ II M. I). 


Analytical Chemistry. 


^,aie Natural iDdicators H. W. lint iukkh (J. Auur. TAi-m. 
litlh 36, 1925— 1928). ^ An uccamt i> given of t|„. hehiiviour t.f 
t * . Hiiig matters of the petals nf vari.ms tin, vers inwar.is 

ii. . H;d .acids. Tlu'se substances ;ite usu.iMv aniil, but s*>me 
I - r:-utial in character, and generally ciiange cnhuir ni acids 

* : - nahs. thus acting ns indicators. ' Many of the colnuring 
f- ■ are very sensitive U> tlm a- ti<ui rif ligljl'and .air. K, (1. 

Eltctro volumetric Method and its Application to General 
itidytical Chemistry. K H. Hkskri.ink van Slvuim.kn m.d 
Itavo (J. Afutr. Chan, .Voc., 1914 , 36 , ITlb'i iMhl). The 
‘ s encountered in the ns<‘ of mdirat^jrs in \u^>lnme<ric 
^ such as the J)ersonal (^inalion and the interference of 

-ur of the litpiid with that of tlie imlicator. have led the 
to sturly the conduetivitv niellmd of est imat ion fcomjiare 
l^oor. firiilers and Geibel, A., 1905 , ii, .o 5 ; Mall and Hell. A . 

»>U 4 ). This inelltod Inas U^r-n apjdied to the estimat.jon 
'U aJ‘<l mixtures of siilts, and has )»een found 

1 ', Curves have been constructed by plotting tlu* 

* <‘4>visvities as ordinates and number of c.c. of the reagent as 
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mhmitmt. The method is also of service for the 
rhionoe and jih<»f>hat<r» in urine ^ 

AppATAtUA for the Anafjsis of Mixed Oaaea. A. (.' 
{Amal}f«i, l&U, 39, 3SH— 39i>--A modificetion of hte^'* 
t» «lescribe<!. Mercury U use^l as the confining nje<liuni. . ^ 
a^js#jr|>tion are eacli provided wiUi a aide-lui>e, v. 

is attached a thin j'aj^hag. Combustion of the gas n 
effected in a gra^luated eudiometer lube fitted wiiti 
U^rminaU, or a pailadtuin tube may be employed. \V j» ^ 

App&ratuB for BSxAct Qas Au^yxix- E- Mauotis 
Chim, anal., 1^14, 19, 298^— 300).— A Oiemauriag burette ii cubbe;-^ 
by means of a tliree-way lap with a gas vessel and an ^ 

pijjcUe, which is provide*! at the top and bottom Mrith i ; 
taj^. Ttie Imrette U also in connexion witli a levelling tui- 7^ 
apparatus ami the capillaries betwcHUi the pipette and lie Uf. r, 
are fille*l with mercury, ami, when the gas has Imscu 
into the burette and driven over into the pi{>ett6, the :iOs r:v t 
solution is admitted to the latter. Wlien alisorption I t.;,, 
place, the wjiutioii is witlelrawn from the pipette by - - , 

the latter with an exhaust pumj», and the gas is then i j 

again into the burette. 1‘ " 

Abeorption Ve»eel for Gas Annlysia. K. Mauguim {Ann. 
final., 1914, 19, 219 220). — A modified form of ab»orpt;*>e 

for the Orsat apparatus, in wdiicii intimato contact • * 

alisf>rbing liipii*! is nbtaine*!, the gas on entering the vrv^ s ^ 
caused to pass thriuigli the liquid in very small buhblrs, ,vn i 
remaining in contact with hnikeii glass moisteiu-d w:i: ■ * 
ahsorlient. Two auttunatic valves cause the gas to p<o> iti t ^ ■ 
quiretl directions wIumi entering or leaving the vessel. 

^ L. m: K 

Batimatioo of Iodine and Bromine in Halogen Salts bi 
Means of Telluric Acid. Habbiit Uauellb ^le (dwer J v*. 
19M, (ivj, 38 . 20") 272. ('ompare this vo!., ii, 379). - 

of iodine or hrornine up t-o O' 3 gram wdien a*fcMM-iatcl c; 
halogen salts witli t>'2r) gram chlorine may lx- esiutiC-; ; 
folhiws, Weighe*! amounts of the three salts, for instam*-. " 

♦vich of iodi'le, linmiitie, and chloride, are iiitrt>dmcd c 
graduat^nl tubular tlask and dissolved in 50 c.c, of water. ' 
tlask is connected with a receiver containing 2t^) *'.c. - 

potassium it^litle st>lntion, and cooled in ice- water. 
addition of I gram of lelhiric acid, dissolved in In c.c, *^1 ' ^ 
arid (I> 1 015) and 35 c.c. of water, the solution in th.* c “ 
healeti to l>oding. and a current of carlxni dioxhle and •?'- 
passed through it until all tlie Ul>erated iodine has l>e*m *: c ' 
the volume of tlie solut ion being kept at 100 c.c. Tlie stcirn * • ^ 
is then diminislie<l, and the solution concentrated to hi ' 
iodine in the distillate is now titrated w’itli thiosulphate 
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U nj^arged with potas^uiu ioduU si)IuUou, and* afUr 
non of 10 c.e. of sulphuric .oul (1:1) Uio couUnU of 
!,.,.^..u.ir flask, the dmillaUon wall sleaiu aiui curlKu J, oxide is 
the volume being kept eoiist.int until all bromine 
, haa been ex,e.!led; die soiiilioi, .a ,|ie„ coneeiUraVvl 

.....ird witb thiosulphate aohitiuu; tlie UKi.ne tiiua tilraUNl is 
to th© quantity cif hroniintk tlistilled. \V p 


Volumetric Method of Estimating Sulphurous Acid 
■' JAMiasos (dmer. J. .Wf,. luH, [iv’, 38 . lob - Ib.s) Tlie 
1, l«aed on the titration of siilpliiirona acid will, ,u.u,a.aiui» 
e lotion in Uie prewnco of l.'i to -.’O-. of liydrocblunc arid 
ri,: 1 lu.id quanUty of an iininiscible milveiit, sucii as clib roform 
:iuri!us acid nolution is adde-l to a cot lcil mixture ..f 'K) c o 
, :.,rmrated hydrochloric acid, HO c.c. of water, and b „f 
fo! r;n, and the solution is then titrated with staud.irdiscl 
i.aiMuro eeiate wlutioii. The latter i.s at first run in rapidlv 
:h^ i'Hiino which is liberaUNi rciudirs a nia\imuiii, und 
.i;vi|>fi©ara. Tho mixluro is now sluikcn tlioruuchly, miti 
1 ' i rr.TiJon continual, tho end ]»oinL don«'ttMj by tho dis 

of th© violob c«h>ur from {he chloroform. \V!icn deal 
■; ta.tn tiuantities of siil|)htirnu.s acitl or snlpliito oqnival^^nt (o 
t'l .n 01 i^ram of .snliihnr .li-.vidc. it :s ailvijvddo to a.M 
-V n.-mttchlorid© solution to tho hydrocli ho in arid mixture 
I, - mo sulphurous acid is introdnemi; thjs prevenU loss of 
^ ir ‘!i»ixide boforo th© titration is t'arrit^t] fiut. W. I* S 


k Simplification of* tho Estimation of Total Nitrof^nn by 
C:k.nm*-try. Admson (U’i.h’k (,/. A’/o/. , P.M 1 , 1 8 . fi 1 1 — :) 47 *) 

r ^ . ::::|.r >V(*ment on the Fuliii-Farm.T < olnrim.-t ri.' mctliod for 
total ni^rotvon in urin© (A., VM'J.. li. 7 (il') is dt<sfTi])ctl 
Ir author wiiirli av<.i,|s tho mu-r.^sily of M-paratintj tb.. 
i - !,ii by aspiration from tli© prfKlu.-ts of oxidation. Tiiis is 
>=■ •.-! by oxidisinj^ tho urino with a verv small fpianlity of 
.r> ari<r in tho prcs«-nco of potassium snlplmto and morcuric 
n r that tho subsokpir^nt colour roaclinn with a mofiifiof! 

.-•sv.-k rcaireni is not- intorAml with. Tim rcsultin© nmthofl is 
jfi'A: M bo cxpcflitioiis and ricrurato, and rc-piirf-s Ic.ss af^iaratus 
b* . muTorhernical mdli'^fh now omploycvl. ff \V ]} 


Fe^iuction of Disod i urn Phosphat© by tho AltornatinK 
prrvnt r. Wksobk and fv, IIpiskn i A >in. (’ftim. PJ 14 , 19 , 

• * -.11; Tablps (compare A , lOlJ. ii. C,2\, I0d8)’arr> ^ivmi 
^ tiic ©ffect on tho rf fluction of flisfidiuni phosjdiat© of th© 
current uriflor various comlitifins, .such as tim poriofl 
r - f.xp-riment, the eonrentration of tlm liquid. Urn Muinl»er of 
the periodicity of tho current, and tlie temperatur©. The 
L-l durinf,» th© experiments ar© estimabsl very satis 

means of Rupp arul Finrk’.s process (with sUndard 
■ *“ m the presence of sodium hydroj^on carbnnat©). 


P. vr. K 
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HTt>oib«fcic&l Ck>inbiiMUion» ifi Waw AxMOy^ 11 B t^u 

U l^li. 6, 7IO-714),-In7W'»^»o 

U being niaiie by conimiUee* of the Amencan Cii«nicAl 
the Aiuericart Public llBalth Ai^cUtxon, and the A«o< uut^ 
AcricuUurai Cheniu^ts to agree on a uniform manner - f 
ing reaulu oi waiter anaiysea, the author diBcuaaea the prt^.* ,,, 
fusing metho.is oi expreaaing reaulU of analpoa, anti dt^Ai 
tion U) the advaiiUgeaof re|)orUng the conatituenU in lOfuc 


Butimatioa of Silver and Baa® Metal in Precioua 
Bullion. Krkoebic P. Uiwet {J. /«d. Eny. Chem., IjU, i 
e50 658, 7*J8- 736). — The cadmium-thiocyanate method 

oi the im-tal with lead and cadmium in poUsaium cyai- b ^ ^ 
tion of the button in nitric acid, and titration of tlio s:!vv- , 
thtocyanaU Mohitiori) for the estimation of ailver in gold w ,, f ... 
to be quite as trustworthy as the ordinary cupellalion m^iK -• 

\V 1* '' 


Separation and Batimation of Small Quantities of U* 
in Solders, Tinfoil, etc. Pikrrb BarrKAU and Pacl FLrr 
IJ PAarrn. r’Aim , 19H, (vii], 10, U7 — 152).— The authors pj :- 1 
sources of error when, afUr dissolving the alloy in nitnc ?.r:* - 
lead is s#‘ pa rated by precipiUtiou aa sulphide, 
rhromate, or estimated electrolytically or colorimelrically, a: i ^ 
give ill a »ubs#*quent paper ilelail.s of a method for .v - .n' 
estimatinn of small fpiantities of load in these alloys. \V 1- - 


Detection of Lead in Bismuth Bubnitrate. 0 
{.A nami.Ohun., 1UI4, (vii), 10, 22-23).— In a previous 
cation (A., 1913. ii, 107C) a teat has been de^nbed wlml 
on the in.s«jlubility of bismuth subnitrate in o,,> afnnoah;n 
solution, whilst lVa<l sulpiiate, carbonate, etc are ^.4 d 
author now hods tliat certain spwdrnens of heavy bo^n; 
nitrate, which are free from lead, bub possibly incompleU n 
are partly s‘>lable in boiling ammonium nitrate soluticn. 
the liltered solution gives a yellow pretdpitato of bismuth 
after addition of potas.sium idiromate. It is theretnr*‘ 
to leet the precipitate by adding sodium hydroxide in sm: 
If it consists solely of lead chromate, a cTear solution is 
from which reprreipitation occurs after adriition of a p’r 
of acetic acid; the muxihI precipiUto of lead an^ 
I'hromates, on the other band, is only partly dissolve*! 'v 
ami the filtrate then yiebis load chromate after aci.li*b 
acetic acid. 


ocr, r 
!l 


4 1 ;,' 


at; ^ 

H 


Batimation of Mercuric Iodide in Tablets, A. W. 

(/. /nd Er,cf. Chtm., 19M. 6. 753 — 754).— A quantity of th^ 
tAblelii^, equivaltMiL to abf)ub 015 gram of mercuric loui'le, - _ 
uiuler a retlu.x apparatus witli 20 c.c. of hydrochloric i' . • • 
and 0*5 gram of potassium chlorate until all the lOilesc 
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I ^ The solution u cooled. diha.Hl with w:»wr to UXl cc 
Qfrrm cMonne by rueaus of a oiurt-ut . i air. aiui The 

. ii reode^ ammomaoal, tlie mercury i rtvuuut.Ni imintnl^ 


pTi-* 




^;iis hydrogen suljtiiide, aiul 
iirietl at 100'^, and weighe-i 
UijUied by 1995 to giv 


> i» mul 


the is,t>rcury Milplude 
iiie Uritilit ihti, 


IS 


e iiiervurio unluie, 


w V. s 


i 

M 

r- 


Estimation of Titanium by moans of Ferric 
T. K. lUi L aiul U. MrlV Smitu ^y, ^ 

36, — 1^^3). — Knecht and liibhoiL (A , VMr\ 

rit«etl a iiietho*! fur the volunu-tric estmukliMU \.i 
.tMiis of LiUnium trmldonde, potassium t hu^ vumito b,dnu 
uuiicalor. It is now shown that Uio 'ivaiM u.ji c.ni 
for eatitnating tiUnunu. 
l of the titamiiiij s<iit is redueetl wiiii rluc in nnvM'tu't' 

^ miphuric acid, and hlu-red ; potussjum thitu-vuu ito is tltmi 
^ the solution titrated rapidly with standard tVn u- 

P s-'lntuin. Tlie reduction is ailowtvi to i'(,r ihuut 

p :.. urs. In order to protect the result mg titanous >wih ^!.hlt^u^ 
r ion, tho tdtration and titration are earned <mt m an 
p of carbon dinxide. A special form of a].pniilus f^.p 

itio reduction and lilt ration is di'seriluvl. d he inet{e>d 


1 ne ineuOMl 

trustworthy results, and is much more rapid tlian (Jo(!clrs 
jrsoTi^Knc method. Such metals, liowever, us tm, rlirommm. 
pi 1. urn, tungsten, ami molybdenum must bo absent wlien Uui 
p.‘. r. :s rtviuce<i. (J 


I jWfAration of Zirconium from Iron and Aluminium with 
^ Aid of the Ammonium feJalt of Nitrowophenylbytlnixyl 
! Cupfe^rron ' Wm.mam M. I hohntov, jun., ai;d K. M. 
btrlsjau. {Atner, J. Act , I 914, |iv). 38, Id?— 141. ( 'nmpare Un.^ 

p. '>J(.'~Ono hundred c.c. of a solution containing r.ireoniuin, 
p n i aluminium ivilts aro neutralise^l wulh amiimriia, 2 c <•. of 
i c- sulphuric acid (I : 1) <ire adfled, and (lie iron is re<juced with 
p i-n sulplddo, Tlio solution is then r<*n.ier.-d slightly 
r- and treato^! with hydrogen suI|diido until all the^iruii 

precipibat-wl as su!phid^. Tiiis is co]|.-c(ed on a filter and 
be -i thoroughly with diluto aminonium sulphide solutnui. Tim 
IS boiled to expel liydrogen suI})hid(^ aciditied with HO e.r. 

I ;, ite sulphuric acid, coole<l in ice-w^ater, and t he ' cupferroii " 
IS added. The precipitat-e which frjrins is rolb-ctod mi a 
U:. Wi.shofi twenty times with rlilute hvdrochlorir- a<ifl, dried at 
I . ynsUal, and tho residue of zirconium oxide weighe<I. In the 
? phosphatic minerals, tho jihnsphoric acid must, bo removed 
f ,i;'n with aodiuin carbonala Ix'di'iro the zirconium is separateil 
\ t«S(cn}>ed. |» ^ 


d^perties of Some Chlorohydrooarbona and their Utieo m 
^3ca| Analysis. II. Estimation of the Chloroethanes. 
; J^j»isf. .S(or>E8 {Ana/ijst, 1914, 39, 3h, 5— 38H. (Compare this voh, 
i' • A\ hen tetra-, penta-, or hexa chloroethano is treated wdtli 
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precipiute of phenylbydraxiiie tydr 
with nitrogen and benxone. The ra^cti:^ 

I equation 

T ^e.l5-NH-NH^ = C2HCl,+ 2HCl 4'N,^ C,H, 

The reaction, however, varie* with conditions of 
ment, and the estimation of any one of the snbctances 
not ® measure of the cnloro-hydrocarhon. Furthrr 

ments showed that tetrachloroethane or pentachloroetha!.^ 
eat i mated in tho following way, even in the preeeuce ( f - 
#*lhylen‘‘H, chloroform, or carbon tetrachloride. Ten r . f ^ 
alcoholic .V MO potassium hydroxide solution and 20 c c. . f j , 
are placed in a stoppered llask and weighed; a few dr 
chlorohydrocarbori are then intrwiucod, and the flask 
wcifjhwl. After a few minutes water is added, the v : :t 
aridi!ic<i with nitric acid, and the chloride is eatimate^l bv f:trv , 
with silver nitrate and thiwyanato. One c.c. of *V / 10 silve r - 
Kfdution is e<jui valent to 00168 gram of tetrachlort^;:*. * 

<) OJOJ gram of pentachlornethaiic. The amount of b-x . < - 
ethane in tetrachloroethane and pentachloroelhane ie.iv n- 
mated bv tlio method. Wlien hexachloroethane is l> :b,j 
xvlene and alcoholic potassium hydroxide solution, a do*p , 
coloration is produced. This reaction may afford a c... 

roh.ri metric estimation of hexachloroethano, sine© the re.!- r.' : 
not given by oilier chlorohydrocarbons. W V ^ 

Detection of Methyl Alcohol in Spirita. U. Viv.k; 

rharjn. CKim., 1914, [vii], 10, 1 45— 147).— The M. 

the formation of hydrogen cyanide when methyl alrolui r 
derivative, is treated witli potassium hydroxide and hydr x)’- 
hv^irmdiloride; «‘thvl alcohol, acetaldehyde, acetal, and amy': i - 
do not viebl hyrirogen cyanide. One hundred c.c. of th> p } \ 
he tested are tlistilbnl, a ml tlie first 30 c.c. of distillate ,ir<' 
for seven h«>urA under a reflux apparatus with 15 -rcr- 
pntaaslum liydroxl<le and 1 gram nf hydroxylamine liydr^-'' r 
The mixture Is then conlwl, acidified with sulphuric arid, r i 
tilled with steam. Tho distillate is tested for hydrocyanic ^ .i 
tho Prussian-blue test. M . P ^ 


phony thydrazi no, a 
IS forroerl, together 
be expressed by thi 

' /. urn 1 


Eatiiuation of Alcohol in the Tropics. K. C. Hkhvimn.. 
0. T. Symons (/. ^V. Che.7.u Ind., 1914, 33, 819— 821 ). Sy.v 
investigations on the estimation of alcohol in the Trejdis h*?' 
the aulhors to the Conclusion that tho brass Sikes’s hy ir r 
using the tables supplied by the makers of the instriiniCr:.. 
quite inaccurate results, especially at low strength^ at 
are the tables even approximately satisfactory. Bedf rets - 
used with glass hy^lromcters, give the most satisfactory 
except at low strengths The brass hydrometer, us^'d wit: 
ford’s tables, gives very fair results. 

The authors consider that the standard tables pubhsle^ i- 
by the United States Bureau of Standards are the most aov 
and fdl alcoholic work should be based on these. 
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^ J* Bhowing Uie relation Ujt^ refract iva 

, a th^^cenUge of alcuiiol for various niixturca of 

. * 5^1 wat^. The refractive ui<lcx reacliea a inaxituuin at 
yj% by weight of alcohol (com|-tre Holmes. T . 1913. 103. 
im T. s! r 


VertficAtioD of tho Methods of Analyeia of QlycerophoS' 
tti#* And their Preparations, Al. Fra>vuis ami K. Ik>i-MK.M 
; /'ieriM, ( Aim., 1911, ['’ii], 10, 9 14, f>l — ro) The mctluvls ust^l 

? -M snslpis of glycerophn.sp!iatoa are discuastvl, ruul a sclicme 
, for the investigation of pure .and granuLiifsl calcium 
t-W phesaphate, of the sodium s^ilt, and aU<» of commeroud 

rdciim gIycerophosj>hate should be compUidv v^uUle in cnld 
itz-r {I ^ram in KM) grams), a^d the soluti<m should be iifutr.d 
f k^rhliy alkaline to phcMioIjiluiialtdii. Jt should not give a 
, w prAij.iUde with silver iiitrato (miiieral p]i<^sphates), m-itluT 

• I it I'*' darkened by pure sulpluiric .acid (various organii' 

It should not yield a resi'lue after rvlrat tiou witli Oo V, 
! and evaporation of the solvent (glvccrol. citric aciti). 

■Su'xT ti determined by desiccation at. lot) ’. 'I'lie residue left 
>r rAlciuation (pyropiiosphate) is estimatml by ignition in a 
Use last traces of rarlmn Indrig fJxMised, if necessary, bv 
.’.r,- d. Phosphorus is estiinatt^l hy fusing the salt with eight 
--4 US weight of poUfwium nitrate in a nickel dish, dissolving 
fusion in water, precipitating the [>!iosphnric arid with 
- ' vniiim molybdate, and converting Uie latter preci{ut,ate into 
pyrophosphate. C^a]ciuTn is jirecipitatcfl as the tixalab* 

• A vdution of Iho .salt wliicli has bi^^ui acidileHl witli dilute 

Mid; the precipitate is ignite,! and weighed as calcium 
: ' Tlie proportion of pure monoel liereal salt is determim*,! 

^ AAtrucfi method of titration with A7 10 sulphuric acid in the 
of helianthin a.s indicator. Te.st ailalvfs’s give gfeni 

‘'irinulalcd calcium glycerophosphate Bhou]<l !>o completely 
in five times itsS weight of cold, flistilled water, yielding a 
*Ar V'.utK»n without acid reaction. It slumld not give a preciiiit-ate 
ndvf^r Tutrato. 

<'A’r;um pyrophosphate is estimat(><I hy ignitimi in a muffle 
ir-xre. the temperature of which must be raises! gradually. The 
maybe rendered! useless hy the presenen of mineral irnpuri 
It is therefore preferable to determine the glyccro|>hoRpbate 
pvrophosphate. F’or this pur[io.se, the product i» 
*'*1 with four times its weigl,t of pota.ssiuin nitrate, and brought 
small, succe.seive portions into a nickel crucible heata^l t/i 
*... tHth-s.*. The determination is crunph-ted in tlie manner given 
r glycerophosphate. 

>..um glycerophosphate is analysed in mjich the same manner 
_ * cA,ninin Bait, , Tb© qualitative tests arc th© same; moisture 
' ermined by defecation at 150°, and sodium pyrophosphate hy 
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iirrution Pbosphorug U ertimated through th» phoiiphom.;Ijbda, 
For the «lit..ation of iodium, the salt is convetW by igniusi .... 
KHliutn pvroiiiK*phate; the latter is dissolved in water, «.( .j,, 
solution warmed until conversion into orthophosphate is cy. ■ ,,, 
The lauer is precipiUted by addition of barium hydroxi.l^ i, . . 

slieht excess. After filtration, the solution is neutr i:,*.; . , 
sulphuric acid in the presence of litmus; the banum su ; , 

removed, the filtrate evaporatecl to drynesa, and the 
vximm sulphate weighty!. Test analyse* give excellent rf. 

' The authora are led to the following conclusions. Thv , 
obtained in the analyses of pure sofimm and calcmm 
nhoKiihates by their methods (w)dch are similar to the n.t o. . , 
he (’o<h'X> fliow lliese rnethcyls ti> he exact, and also t.i j . 
.dde to fommercial product. Keverthelew, delermmatit.;f i f ,,, 
flue left on calcination, of phosphorus and of meta! are inviff: 
by themselv^y* for the evaluation of commercial spec;:. 
Aslruc’s methofl should also lie employed for the estimah . - : ■ . 
rnonoftherenl salt, which is the omcuial product. The lmI' 
oxamiiiatiMii of f;ranulaled calcium glycerophosphaUj g-.v.-M :>. 

(%lex is iri-suirudent, wlidst Astruc’s method loses its vd: 
account (d the presence of sujzar. Tlio content of calciufi 
nlmsphate can, Imwever. bo accurately deiermiiied from tf.- 
Ion of phospliorlc acifl on the a-ssumption that llie Uttf-r '■ 
lated to t)i‘> salt, ,{OH).’rO^CaJT.O. I 

The Fachini Dorta Method of (Approximately) Separ^- 
Liquid from Solid Fatty Acids in Oils aod Fate A... 
„R Waki.k iyi4. 39, :i89 31)1) Ihe following Uf.n .* 

apidving this process was found to have advantages in luc . 
tion'over the older pirocesa. About 10 grams o the ury • 
acids are pliu^sl in a llask, dissolvwl in 90 c.c. of anhy-lroiu 
the solulion is Wiirmwl to and 10 ^ V 

hydroxide solution are afldcfl. The mixture is then co. 
water for four hours, tlie precipiUted soaps are collect..! •: 
niter, washfM witli aceUnc at 0^ dissolved m warm 
fattv acids liheratod from tlie wdution in tho usual way, ' 
,lnc;i, ».ul wo.f:h<..l, Thu li-iui.l acitls n.ay be separate.1 fe. 
acetone filtrate bv .a.bling an equal volume of water, uU c 
ether, and bv.lrochloric acid. The ethereal solution la 
waxhod with' water conUining a small quantity of .iri'l. ■ 
evaporated,' and tho residue weighed. Unless precij.ii^...^. 
saturated fatty aoi.is has occnrrei) through the 
as a drier, no diminution in the quantity of saturateti a ^ . 
takes place when an oil is oxidised. 

The Inaohible Bromide Value of Oils. Jous 'v' . . 
(AnalyiX, 1914. 39, 3S8-389).— With regard te a metliol w.. 
hv the author 1914, 39 . 28), and cnticis,^ h> (o - 

(thisvol., ii, 68 li. it is mentioned that the temperature t. ^ 
Lfore and during precipitation (lU) was ° , 

formation of substituted bromine compounds. A dircciio 
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, 5” before aiU.tion might li»ve be,u iii»rte<l ; the pr,. 

w>‘b fooled ether, »n,i, uuless the broiuiae* 
tiri^ whit« and crumbly, th© cstiiruticku is to l>t« reject<\J 
oUim^.th.t the precipitate «.risi«s ,.f pure hexahnuuiae 
xh* method 1 * trustworuiy wjthin a Iniut of I v. W. 1\ S. 

pyoducUon of • Hydroxy-S Methyl furfunUdehyda from 
aod its lofluenoe on the BetimaUon of P©o- 
and Methylpentoeane. Mary Ci’.NNiMuua wnd ('haalcs 
y.* 8, 4od™44#)-^Tlic authors tin.l ih»t win-n 

hv irtichlonc acid acta on hexosea, sUrcli «ihl orlluloHi* 

V' o-ni6thyl-»-f urfuraldeh y<lc is former! in aniouiua varyiiitf 
I AlUloUgh it is |>re<'ij)itat<Hl by phlorogliu*iu(il, it dot^ 

d iLlfrlVrc with Uie accuracy of }>cntosaii ei>ti mat ions math"* by the 
.-r^r jiiiloroglucinol method, i>rovitltMi aniline acetate u us^tl a a 
This is accouiite<l for on Uie ground of the almvncas 
»hich the w-Jiydroxynietijylfurfurnldeliyd© is productMl. The 
n £!i:iion of this substance, however, reiid(?r8 previous intimations 
- HhvIjtentiMHin of doubtful value. jj 

l^umation of Sugar in Blood. Akthur Dincan (UHnMcK 
..nituH Maclxan {/iiorh^m J., 1914, 8, ,193 KKl) A inoiluxi U 
for estimating the sugar in 2 c.c. or less uf I, loot!, in 
thf use of dialyswl iron tai privipitato the proteins 'ami 
r cnru'Alion of Bertrands method for the deU*rminat ion of the 
m an aliipiot portion of the hitrato, Tim resuiU agreo 
y witli tliose obUiniMl by Bang's micro nmtlio<l (t)iis vol., ii, 

‘ «hicli takes considerably longer to carry out. U. W, B. 

NVw Copaiva Balsam and Investigation of Copaiva Balsam 
Ktti'EL /lenlr., 1914, j, l8Kt>— 1887 ; from /.*iW«/’ir /ier., 

?.t. .4 -9}. Tho aflulteration of copaiva balsam with so-ralhvl 

or Illurian balsam can Im detected, according to ('aesar 
«t!.-reU, by an optical examination of the ethereal nil olitainwi 
the balsam by distillation with steam. True balsams are 
r: .;dy dextrorotatory, but yieM a Imvorotatorv oil aiifl a dextrie 
uvry resin. African balsam, on the contrary, is only slightly 
active, but yields a strongly dextroroUtnrv oil and aii 
-r rimately equally strongly hevorotatory resin. ’ 

.\ topaiv.a l>alMm obtained from Amazona, Brazil, has Mm 
projierties. It is a pale yellow', mobile, non- fluorescent 
having a normal odour and taste, and giving a turbidity 
»n equal volume, anrl a white precipitate with an excess, of 
* alcohol. It has 0 9.30, saponification ntiml>er 21‘8, 
Uiue 421, a»-40°, and contains 20-4T. of re.sin - 5.TM ’ 
t.Ju'real oil has o»- 35^20'. C S. 

^tection of Saponin in Beveragea Nazakkth Campos (Ann. 
^ ’ ^^^4, 19 , 289 — 293). — The hevenge is neu^mhi'c'd wjtdi 

carbonate, concentratexi, and extracted with phenol; 
p enol solution is then shaken with ether and water, the 
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mponin being thiie obUined in sqneooe •rftttioii, SnbeUiK^ 
than mponin, howerer, alio paM into tbo aaoeona soiuu^ ^ 
mterfero with the teiU which are appUed to the mtdue, 
on eraporation, in order to identify it aa a^nin. 
iMf therefore, evaporated to 25 c.c. dhd ihakwi with iri 
Miurated barinm hydroxide wlution; a compound of 
barium hydrc«ide U precipitated. After the Uquid hds 
decanted, the precipitate U decompoeed with carbon dicxii* 
barium carbonate U i^rated by fil^iion, ^ th^ 
evaporated to dryneti- 'fte reridue obtained, coniitt^g cf ^ 
mixed with barium carbonate, ii extracted several times wnt 
ing alcohol, and the alcoholic lolutioiM are evaporated 
The fint extract may contain a quantity of colouring maiun 
the lubeequent lolution* yield pure laponin on eyaporaUec, Tj,. 
aulphuric acid teat is recommended for identifying th<y 
The reaction with Nesaler's reagent, d^icnbed by Vamv^i^i j, 
1906, ii, 504), is untrustworthy, since a number of materu'^ 
ticuUrly coffee extract, yield substences giving reactiot^i 
cannot be distinguUhe^l from that given by saponin. \\ p > 

Defecation of Urine by Acid Mercury Nitrate. Ch 1,%^ 
iJ PhartfK Chim., 1914, [vii], 9. 603).— In a recent comm um.,-. . 
Berner (this vol., ii, 5B7), tho uf» of mercury nitrate i- r r 
fecatioii of urine is ascribed to Patein and Dufau. Ih' 
iminte out that this reagent was first employed by hun. .r i ' jj 
his priority has been recognised by Patein and Dufau. H W 

fBstlmntion of AUantoin.] Maurk a H. Oiveks {J. 
tol l, 18, 417 -424) See this vol, i, 1144. 


The Drttrtumation of the Lime Require men te of tbf? 

H B. Hutchinson hikI K. MacLknnan {CAcm. Xtict , 1-^M. 115 
61-63).— A brief review of metliwls previously suggestiMt : * ■5 
estimation of tho lime requiremenU, or acidity, of tho Mir 
of these are purely qualitative, while the quantitative - 
largely ba»e<I on reactions having no relation to those ohU:- :i 

tVio field. ♦ .-j 

The one proposed by the authors consists m the tr< 
the soil with an A^/50 solution of calcium hydrogen can- r.i> ^ 
three hours, under constant agitation. The soil suspcn^i.^n 
filtere<l, an aliquot portion of the filtrate titrateil witii . » »* 

URinv methyl oranije as indicator, and tho amount rn t 
abaorlie.1 is then calculated. Usually, 10-20 gram. <1 

200 — ^300 c.c, of solution, are taken for field soils, but Ms- - . 
must be adjusted so that the concentration of the fm* I uy ' : 
carbonate solution is not less than approximately *' 




